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Abstract 
The Qinghai-Tibet Plateau lies at the continent-continent collision between the 
Indian and Eurasian plates. Because of their interaction the shallow and deep 
structures are very complicated with different tectonic units. The force system 
forming the tectonic patterns and driving tectonic movements is exerted together by 
the deep part of the lithosphere and the asthenosphere. In the recent decades, many 
deep explorations have been performed and a series of important results about the 
collision models of Indian and Eurasian plates and their deep structures have been 
gained, but the studies on the fine structure of the lithosphere-asthenosphere system 
are still a few. In order to get knowledge about their formation and evolution, 
dynamic process, layers coupling and exchange of material and energy, it is important 
to study the 3-D velocity structures, the material properties and physical state of the 
lithosphere-asthenosphere system.  
Based on the Rayleigh wave dispersion theory, we study the 3-D velocity 
structures, including the crust, of the lithosphere-asthenosphere system in the 
Qinghai-Tibet Plateau and its adjacent areas.  
In the study area (20ºN - 50ºN, 70ºE - 110ºE) we collect long period and 
broad-band seismic data from the global and regional seismic networks surrounding 
the area: G (Geoscope), IC (NCDSN) , II/IU (GSN), KZ (Kazakhstan), XA (Bhutan), 
XR (INDEPTH II&III), YA (2003MIT-China), and YL (Himalayan Nepal Tibet 
Experiment) during the period of 1966-2007. After making instrumental correction 
and proper band-pass filtering, group velocities dispersion of fundamental mode of 
Rayleigh waves are measured using the frequency-time analysis (FTAN). Cluster 
averaging is applied to similar ray paths and, in such a way, a set of dispersion curves, 
in the period range from 8 s to 150 s is obtained along 791 paths.  
A 2-Dsurface-wave tomography method capable to evaluate the average lateral 
resolution, proposed by Yanovskaya, is applied to calculate the lateral variations in the 
group velocity distribution at the different periods. The lateral heterogeneity 
resolution has been estimated to be about 200 km in most of the study area. To be 
consistent with the resolution level, the group velocity maps, at different periods, are 
discretized in cells of 2o×2o. The most conspicuous low group velocity anomaly, in 
the period range from 25 s to 40 s appears in whole Qinghai-Tibet Plateau, while the 
Indian Plate and the Yangtze craton are characterized by high group velocity 
anomalies. At the intermediate periods (50 - 80 s) the most dominant feature is the 
NW-SE directed low velocity anomaly in the Qinghai-Tibet Plateau. At the long 
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periods the velocity anomaly is comparable with the anomaly at the lower periods. 
The determination of the shear-wave velocity distribution versus depth from a 
surface wave dispersion curve is a severely non-linear problem. The non-linear 
Hedgehog inversion method (Panza, 1981) is applied to the surface wave tomography 
cellular dispersion curves to obtain shear wave velocity-depth models of the crust and 
upper mantle. The non-linear inversion does not depend upon the initial model.  
Since the Hedgehog is a non-linear procedure, the inversion is multi-valued, i.e., 
a set of equally probable model is accepted, which is consistent, within the chosen 
parametrization, with the experimental errors. An ensemble of acceptable models is 
found and in order to summarize and define the geological meaning of the results, it is 
often necessary to identify a representative model. Physical and mathematical reasons 
can be used to define the criteria that allow us to select a unique solutions. The Local 
Smoothness Optimization (LSO) (Panza et al., 2007；Boyadzhiev et al., 2008) fixes 
the solution as the one which minimizes the norm between neighbouring cells. 
Applying the first iteration of LSO, the Starting Cell (SC) is chosen such that satisfies 
the analogous objective criterion: the cell with the minimal divergence between the 
accepted solutions. Staring from the SC, the LSO takes, as representative model, the 
solution that has the smallest distance (difference in the velocity) in l2 with respect to 
the models of the neighbouring cells. The LSO method is a smoothness criteria, which 
can avoid the introduction of heterogeneities that can arise from a subjective choice. 
However, in the Qinghai-Tibet Plateau and its vicinity, the heterogeneity is too severe 
to apply LSO to the whole study area, because its deep structure is very complicated. 
It is appropriate to obtain representative models by LSO method in local regions, each 
with different starting cell (SC). 
Since the Hedgehog non-linear inversion and the local smoothing algorithm 
provide us only a mathematical solution, the representative models are chosen, 
considering a priori geophysical and geological information. 
The top and bottom of the lithosphere and asthenosphere are recognized from the 
velocity values and velocity contrast between the layers. These thicknesses are helpful 
to study the structural differences between the Qinghai-Tibet Plateau and its adjacent 
areas and among different geologic units of the plateau. 
Taking into account also previous investigations, the following conclusions are 
reached from the distributions of the S-wave velocities in the crust and the upper 
mantle and thicknesses of the crust, lithosphere and asthenosphere.   
 (1) The crust is very thick in the Qinghai-Tibet Plateau, and varies from 60 km to 
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80 km. The lithospheric thickness in the Qinghai-Tibet Plateau is smaller (125-160 
km) than in the adjacent areas. The asthenosphere is relatively thick, varies from 100 
km to 200 km, and the thickest area lies in the western Qiangtang block (QT). India, 
located to the south of the Main Boundary thrust, has a thinner crust (32-42 km), a 
thicker lithosphere of 190 km and a rather thin asthenosphere of only about 80 km. 
Sichuan and Tarim basins have the crust thickness less than 50 km. Their lithospheres 
are thicker than the Qinghai-Tibet Plateau, and their asthenospheres are thinner. 
(2) The uppermost mantle of the Indian Plate is subducted almost horizontally 
beneath the Himalaya block (HM) and the Lhasa block (LS), and the subduction is 
delimited by the Bangong-Nujiang suture belt (BNS). The Indian lithospheric lid is 
also subducted with a large-angle beneath the Eurasian Plate before the 
Yalung-Zangbo suture belt (YZS). The low velocity lower crust and asthenosphere, 
detected in central Qinghai-Tibet Plateau, show that in the Qiangtang block (QT) the 
temperature is high, well in agreement with the active Cenozoic volcanism in the area. 
We also think that the underplating of the asthenosphere may thin the lithosphere and 
that the buoyancy might be the main mechanism of deep dynamics of the uplift of the 
Qinghai-Tibet hinterland. 
(3) Inside the plateau two blocks can be recognized, divided by an NNE striking 
boundary running between 90ºE ~ 92ºE. The shear-wave velocities of the crust and 
the thicknesses of the lithosphere and asthenosphere in the eastern Qinghai-Tibet 
Plateau are different from those in the western one. The width of the boundary 
between the eastern Qinghai-Tibet Plateau and the western one may be 2° ~ 3°. 
(4)The continental surface loss by the kinematic shortening is not compensated 
by the increment of the crust thickness due to the collision of Indian Plate and 
Eurasian Plate. Therefore we may deduce that the crustal material is laterally extruded 
along a channel between the Jinshajiang suture belt (JSJS) and Banggong-Nujiang suture 
belt (BNS), and rotated around the eastern Himalayan Syntaxes because of the 
obstacle of the Yangze block. The source of the lateral extrusion may be in the 
Qiangtang block (QT). 
 
 
Key words: Surface wave tomography; Qinghai-Tibet Plateau; Nonlinear 
inversion; Lithosphere-asthenosphere system; Deep dynamics.  
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Introduction 
It is well known that the precise understanding of the properties and structure of 
the earth is becoming more and more important in the study of the modern geophysics, 
geochemistry, geology and astrophysics. Jeffreys & Bullen presented the elastic 
average spherical Earth model in 1950s. Hart & Anderson (1976) inverted the inner 
velocity and density of the earth by synthetically utilizing body wave travel-time, 
pseudo velocity, surface wave dispersion and predominant period data of earth free 
oscillation. With the increase of investigated data, the improved PREM model was 
provided by Dziewonski et al. (1981). Woodhouse & Dziewonski (1984) revealed the 
relation among mantle velocity structure, globe plate tectonics and mantle convection 
through the inversion of mantle structure by using seismic wave data. The study of the 
3D velocity structure of the Earth is playing an important role in understanding the 
deep geodynamics, plate tectonics, mantle convection, hot spot and mantle plume. 
The lithosphere and asthenosphere are the most active layers in the uppermost 400 
km of the Earth. Many dynamic events occur here, such as crust uplift, seafloor 
extension, plate movement, earthquake generation and volcano eruption. The 
structural properties of lithosphere and asthenosphere are one of the important bases 
of plate tectonics. The confirmation of the interface between the crust, lithosphere and 
asthenosphere is important to strengthen the theory of plate tectonics and dynamic 
process (Teng et al., 1996, 1997, 1998). Though the tectonic pattern, for example, 
orogenic belt, rift zone and craton, is in the shallow part of the lithosphere, the force 
system forming these structures and driving tectonic movements is involves the deep 
part of the lithosphere and the asthenosphere, as well. Collision and compression 
thickens the lithosphere. Delamination or extension thins the lithosphere. Obviously, 
it is important to study the structures, material properties and physical states of the 
lithosphere and asthenosphere in order to fully understand their formation and 
evolution, dynamic process, layer coupling and exchange of material and energy 
(Teng et al., 1996, 1997, 1998, 2006; Panza, et al., 2004). 
 
0.1 Study area 
The Qinghai-Tibet Plateau is the place of the continent-continent collision 
between Indian and Eurasian plates. Its total area is about 2.9 million Km2, and about 
2.5 million Km2 in China, and it occupies more than one fourth of total land area of 
China, including Tibet, Qinghai, Shichuan, Yunnan, Guizhou and Ganshu provinces. 
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The average altitude is over 4000 m, higher in the northwest, declining gradually 
towards southeast. Most of the highest mountains (>8000 m) in the world emerge 
from this plateau, which is also called as “roof of the world” and “the third pole”. 
The Qinghai-Tibet Plateau is surrounded by stable sedimentary basins, Tarim to 
the northwest, Qaidam to the north, Sichuan to the east. The plateau is divided into 
several tectonic units as the Himalaya block (HM), the Lhasa block (LS), the 
Qiangtang block (QT), the Bayankla block (BK), the Kunlun block (KL) and the 
Songpan-Ganze (Teng et al., 1996) by sutures and faults like the Yarlung-Zangbo 
(YZS), the Bangong-Nujiang (BNS), the Jinshajiang (JSJS) and the west Kunlun- 
Altyn Tagh-Qilian faults (Pan, 1998). The study area (20ºN-50ºN, 70ºE-110ºE)(Fig. 
0.1) includes the Qinghai-Tibet Plateau, the Tarim Basin (TRM), the Sichuan Basin 
(SC), the Junggar Basin (JGR), part of Pamir, part of the Indian subcontinent, part of 
Burma and part of Viet Nam, part of Mongolia and part of Kazakhstan. 
 
 
Fig. 0.1. Sketch map of the Qinghai-Tibet Plateau and its adjacent areas. The white lines represent 
the main faults and the suture belts. The cyan blue lines denote the main rivers. The black lines are 
coast and national boundary. 
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TRM - Tarim Basin             LMSF - Longmenshan fault 
   YZ  - Yangzi craton           RRF  - Red River fault 
QDM – Qaidam Basin           MBT  – Main Boundary thrust 
SC  – Sichuan Basin 
JGR – Junggar Basin  
ID  – Indian Plate 
 
0.2 Previous geophysical investigations 
The Qinghai-Tibet Plateau, formed by the successive convergence and collision 
between Indian and Eurasian plates since 50 Ma ago, is the key Earth science 
laboratory for the understanding of continent-continent collision and mountain 
building mechanism. Integrated geophysical explorations were carried out, such as the 
first deep seismic sounding experiment in Qaidam Basin (QDM) in 1958 (Zeng et al., 
1960, 1961; Teng et al., 1973,1974), the Yadong-Golmu wide-angle seismic transect 
in 1974 by the ex-Institute of Geophysics, Chinese Academy of Sciences (the Institute 
of Geophysics, 1981; Teng et al., 1983), the later Sino-French deep seismic profiling 
in the Himalayan block (HM) and the Lhasa block (LS) in 1980-1982 (Hirn et al., 
1984; Chen  et al., 1985; Sun et al., 1985), Sino-British international programme in 
1980s (Shackleton, 1981; Chang et al., 1988; Dewey et al., 1989), and the 
Sino-USA-Germany INDEPTH programme with the introduction of deep seismic 
reflection and passive broadband seismometer observation in 1990s (Zhao et al., 
1993,1997; Kind et al., 1996; Owens et al., 1997; Makovsky, 1996,1999; Zeng et al., 
1995,2000). Many geoscientists in the world made deep explorations and gained a 
series of important accomplishments (Shackleton, 1981; Ni J et al., 1983; Hirn et al., 
1984, 1997; Dewey et al., 1987, 1988, 1989；Zeng et al., 1992, 1995, 2000; Teng et al., 
1994, 1996; McNamara et al., 1994; Zhao et al., 1993,1996,1997; Kind et al., 1996; 
Owens et al., 1997; Makovsky, 1996, 1999; Nelson K D et al., 1996; Wittlinger et 
al.,1996; Griot et al., 1998; Yanovskaya et al., 2000; Ding et al., 2001; Zhang et al., 
2001 ), from which a variety of models about the collision of India and Eurasia is 
proposed.  
Chen et al. (1985) studied the difference of lithospheric structures beneath the 
southern Qinghai-Tibet plateau using 10-100s group velocities of the Afghanistan 
earthquakes recorded at the Kunming (KIM) and Chengdu stations (CD2). 
Sun et al. (1985) calculated the phase velocities in the period range from 30 s to 
110 s recorded at the Bangge, Chali, Lozagh and Latze stations for earthquakes in San 
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Salvador, Honshu and Kurils and obtained the velocity distribution in the crust and 
the upper mantle and the lithospheric thickness beneath the southern Qinghai-Tibet 
Plateau.   
Song et al. (1991, 1993) inverted the shear-wave velocity of the continent and the 
marginal sea in China (4°×4° cells ) and provided the shear-wave velocity in the 
Qinghai- Tibet Plateau. 
Zhou et al. (1991) and Zhuang et al. (1992) studied the 3D shear-wave velocity 
structural model in Qinghai-Tibet Plateau using the Rayleigh wave group velocity at 
the periods from 10 s to 90 s and from 10 s to 105 s, respectively. 
Using P-wave arrival times, Wittlinger et al. (1996) showed that the crust of the 
Qingtang block (QT) appears to be very thick (~70km ) with relatively low velocity, 
and at greater depth (>150km), he showed the presence of a bulky low-velocity zone 
in the mantle beneath the northernmost Qinghai-Tibet Plateau.  
Griot and Montagner (1998) discussed the phase velocity structures in Tibet and 
its neighboring regions considering anisotropy of Rayleigh and Love waves. 
Teng et al. (1998, 1999) presented a basic model characterized by a relatively  
thick crust and a relatively thin lithosphere in the Qinghai-Tibet Plateau and put 
forward the new model of two layer ‘wedge plates’, that is, the crust and the upper 
mantle of India Plate move toward south and are blocked by various tectonic bodies. 
Wu et al. (1998) investigated the average velocity and its lateral inhomogeneity 
of the upper mantle by waveform inversion based of broadband data and inferred that 
the subduction of the Indian plate is delimited by the Yalung-Zangbo River. 
The inversion result of receiver functions (Wu et al, 1998), by time-domain 
maximum entropy deconvolution, showed that the Moho depth changes abruptly near 
the Bangong-Nujiang suture belt (BNS) and that three velocity discontinuities can be 
continuously traced within the crust of the Qinghai-Tibet Plateau.  
Yanovskaya et al. (2000) inverted the shear-wave velocities in the depth range 
from 0 to 60km in 10º×10º cells beneath eastern Asia region by using group velocities 
of Rayleigh wave and Love wave. 
Ding et al. (2001) obtained the 3-D seismic velocity structure in the 
Qinghai-Tibet Plateau by using regional body wave tomography and surface wave 
tomograpy based on the recordings from analogic and broadband digital seismic 
stations and showed that there are remarkable low velocity zones in the upper crust of 
the Lhasa block (LS) and the lower crust and the uppermost mantle of the Qiangtang 
block (QT).  
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Based on long period digital surface wave data, He et al. (2002) measured 647 
fundamental mode Rayleigh wave dispersion curves with periods from 10 s to 92 s 
and obtained the distribution of group velocity in the Qinghai-Tibet Plateau using 
Dimtar-Yanovskaya method. The group velocity distribution in both of the vertical 
profiles along 90oE and 30oN directions indicated there is a low velocity zone (LVZ) 
in the middle crust beneath eastern Qinghai-Tibet Plateau. 
Su et al. (2002) gained the shear-wave velocity distributions of the crust and the 
upper mantle in the depth range from 0 to 420 km beneath the Qinghai-Tibet Plateau 
and adjacent areas, using Rayleigh wave group velocity dispersions between 7 s and 
184 s periods. The result indicates obvious lateral variation of the crust and the upper 
mantle velocity structure in different blocks. 
Sun et al. (2004) carried out the Rayleigh wave dispersion tomography and 
constructed the 3-D velocity structure of the Qinghai-Tibet Plateau. The results show 
that isolines of velocity form a kind of stripe along suture belts, and that two blocks 
can be recognized, divided by an NNE directed boundary between 90oE~92oE inside 
the plateau. 
Zhu et al. (2002, 2004) showed a three-dimensional lithosphere model of Eurasia 
and west Pacific regions gathering various models from data of active and passive 
methods and other geophysical data, and provided a lithospheric structure beneath the 
Qinghai-Tibet Plateau: the Indian lithosphere is subducted beneath the Qinghai-Tibet 
Plateau at a low angle, causing the plateau uplift and crustal thickening.  
Tian et al. (2005) obtained the crustal structure beneath the INDEPTH-III passive 
seismic profile in the central Tibet by a joint image of converted phase and multiple 
reflected phases. The crustal image shows that the crust is divided into two sections 
with different Moho depth and amplitude of P-to-S wave conversion, with the 
boundary nearby the Bangong-Nujiang suture belt (BNS). 
Besides the numerous results obtained using the observations from the body wave 
and surface wave seismic data, a series of important results about the fine structure of 
the crust and the upper mantle are also gained from artificial-source seismic sounding 
in the Qinghai-Tibet Plateau. 
The early artificial-source deep seismic sounding experiments have been made 
along the Namucuo- Yadong profile and Seling Co- Ya’anduo profile (Teng et al, 1981, 
1983, 1985). The results indicated that there are two low velocity anomaly zones in 
the crust and revealed a new model with thick crust and thin lithosphere. The 
continent-continent collision model, the plateau uplifting and crustal thickening are 
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also discussed. 
Hirn et al. (1997) investigated the structure of the crust and the upper mantle 
beneath the Qinghai-Tibet Plateau using wide-angle reflection data. 
Zhang et al. (2001, 2002) recognized the fine crustal structure and its 
characteristics with the wide-angle seismic data acquired from Seling Co-Ya’anduo 
profile in the northern Tibet and Peiku Co-Puma Yum Co profile in southern Tibet. 
The results demonstrated that the crustal structure between the Yalung-zangbo (YZS) 
and the Bangong-Nujiang suture belt (BNS) changes abruptly and ‘down-bowing’ 
Moho is the striking feature for the crustal variation along the WE profile. The 
west-east increase in the crustal thickness also occurs in Lhasa block (LS), and an 
eastward flow in the lower crust is also inferred in the Qiangtang block (QT). 
0.3 Rationale 
The previous important researches in the study area provided the velocity 
structure of the crust and the upper mantle at large scale, and the fine structure and the 
spheric thicknesses about the crust and lithosphere just alone some profiles of deep 
seismic sounding. However there are few studies on the structure of the 
lithosphere-asthenosphere system in the Qinghai-Tibet Plateau.  
Tethyan oceanic subduction, terrane accretion and continental collision of the 
India and Eurasian plate lead to the current geologic configuration. With 
continent-continent collision, the plateau has reached an average elevation of about 
5km with average crustal thickness of about 70km (Molnar et al., 1993). The crust 
underlying the plateau is composed by several continental fragments that were 
progressively accreted to the southern margin of Asia during late Paleozoic through 
Mesozoic times, and separated by ophiolitic suture zones (Yin and Harrison, 2000). 
The shallow and deep structures are very complicated because of their interaction. 
The force system forming the tectonic patterns and driving tectonic movements 
derives also from the deep part of the lithosphere and the asthenosphere. The plateau 
is the consequence of not only the continent-continent collision at crustal level, but 
also of the coupling and interaction between the lithosphere and asthenosphere. It is 
important to study the 3-D velocity structures, the material properties and physical 
states of the lithosphere and the asthenosphere in order to get some knowledge about 
their formation and evolution, dynamic process, layers coupling and exchange of 
material and energy.  
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Some important and still open questions remain (Gao at al., 1997; Teng et al., 
1996, 1997, 2006), some of them are listed below.  
(1) The structure of the crust and the upper mantle: 
 (a) what is the real difference among the structure of the crust and upper mantle 
in the eastern, western, southern, northern and central Qinghai-Tibet Plateau? 
 (b) what is the interaction at the boundary of these blocks? 
 (c) different tectonic blocks can be identified in the deep structure? typical 
tectonic event occurred within or around the blocks? 
(2) The low velocity zones (LVZ) in the crust and the upper mantle: 
 (a) in the crust there are one or two low velocity zone (LVZ)? 
 (b) what are the velocity and the depth of the lower velocity zones (LVZ) in the 
hinterland and its surrounding regions, especially in southern and northern 
Qinghai-Tibet Plateau? 
 (c) what are the depth and thickness of the asthenosphere in the study area?  
 (d) what is the relation among the LVZ in the crust and upper mantle, the 
continent-continent collision (compression of Indian Plate and Eurasian Plate) 
and the flow trace of crust and upper mantle material?  
(3) The thicknesses of the crust, lithosphere and asthenosphere: 
 (a) how to recognize the interface of the crust, lithosphere and asthenosphere? 
 (b) the feature of the crustal, lithospheric and asthenospheric layers. 
The Qinghai-Tibet Plateau is an important area for studying geodynamics in 
eastern Asia and plays a very essential role in geoscience worldwide because the 
structure of the lithosphere and asthenosphere is becoming the main basis for 
geodynamic studies (Zeng et al., 1994). 
0.4 Research method 
Seismic tomography with body wave delay times has some obvious 
disadvantages when we try to model the near-surface structure. With the exception of 
a few highly seismic areas, the ray coverage is strongly limited by the station 
coverage, which is often not very dense. Usually we find that the dominant ray 
direction is near vertical, so that the vertical resolution is impaired. Surface waves 
have provided us so far with most of the information on the upper mantle, especially 
in oceanic regions. The waves can provide the deep structure over long distances. The 
ray paths can cover sufficiently well an area, despite seismic stations inside the study 
area are sparse. Essentially two approaches can be followed, the first one is to use a 
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priori geophysical knowledge to divided the Earth’s surface into a number of 
geophysical ‘provinces’, and to determine the phase velocity as a function of 
frequency for each of these. The second is to divide the Earth into cells, and solve the 
resulting large underdetermined problem with algebraic methods similar to those used 
in body wave tomography.  
The surface wave tomography applied in this study includes the following tasks. 
(1) The digital records of 266 seismic events, whose magnitudes are larger than 
5.0, have been collected over the Qinghai-Tibet Plateau and its adjacent areas. These 
signals, recorded during the period of 1966-2007, come from digital seismic stations 
of the global and regional seismic networks around the study area, G, XA, XR, YA, 
II/IU, IC, YL and KZ. The data set is enriched with several seismic records from 
Indian stations, made available to us by S.S. Rai of NGRI. After making instrument 
response correction, group velocities of fundamental mode of Rayleigh waves are 
measured using the frequency-time analysis (FTAN) to get the observed dispersions. 
Furthermore, we performed their cluster average for similar ray paths. In such a way, 
a set of dispersion curves, in the period range from 8 s to 150 s is obtained for 791 
paths.  
(2) A 2-D surface-wave tomography method (Yanovskaya and Ditmar, 1990) is 
applied to calculate lateral variations in group velocity distribution at different periods 
in the range from 8 s to 150 s. The average lateral resolution is estimated to be about 
200 km in most of the study area. To be consistent with the resolution level, the group 
velocity maps, at different periods, are therefore discretized in cells of 2o×2o and 181 
cells are considered in the following inversion of the group velocity. 
(3) To spatially delimit regions with an approximately similar dispersion curve, 
we calculate the similarity between dispersion curves by similarity function. With a 
similarity level β =0.50 the 181 dispersion curves have been grouped into twelve 
groups, which allow us to perform the zoning of the studied region.  
(4) The determination of the shear wave velocity-depth models of the crust and 
upper mantle from surface wave group velocity dispersion curves is a severely 
non-linear problem. Using non-linear Hedgehog inversion (Panza, 1981) the average 
shear wave velocity-depth models are inverted from the mean dispersion curves in the 
twelve regions. In the non-linear Hedgehog inversion, the problem is reduced to find 
the zone of minimum of a multidimensional function in the space of unknown 
parameters of a cross-section. In the 181 cells the velocity structures are 
parameterized in the depth range from 8 to 350 km, in agreement with the depth of 
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penetration of the dispersion data set, estimated from the depth distribution of the 
partial derivatives of the group velocity curves with respect to the shear wave velocity. 
The deeper structure is fixed according with Ak135 model, and the shear-wave 
velocity, compressional-wave velocity and density in the depth range from 8 km to 32 
km in the cells are fixed accordingly to a previous study (Sun et al., 2004). A set of 
equally probable shear wave velocity-depth models of the crust and upper mantle is 
obtained after performing the non-linear inversion (hedgehog) of the dispersion curve 
for each cell. 
(5) In order to summarize and define the geological meaning of the results, it is 
necessary to identify a representative model for each cell. For physical and 
mathematical reasons the Local Smoothness Optimization (LSO) (Panza et al., 2007；
Boyadzhiev et al., 2008) is taken for selecting among acceptable models. However the 
heterogeneity is too severe to apply LSO in the whole study area. It is appropriate to 
obtain representative models by LSO method in 12 local regions, each with different 
starting cell (SC). Further constraints on the final solution are given by the available a 
priori geophysical and geological information. Thus, applying the non-linear 
inversion and LSO in the study area, representative models of each cell are obtained. 
(6) The shear wave velocity-depth structure of the crust and upper mantle 
beneath the Qinghai-Tibet Plateau is discussed. The top and bottom of the lithospheric 
and asthenospheric interface are recognized from the velocity values and velocity 
contrast between the layers. The thicknesses of the crust, lithosphere and 
asthenosphere are helpful to study the structural differences between the 
Qinghai-Tibet Plateau and its adjacent areas, and among different geologic units of 
the plateau. The most interesting subjects are discussed here, such as 
continent-continent collision model, mantle flow and deep geodynamic mechanism of 
the plateau uplift. 
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Chapter 1 Seismic data and measurement 
 
1. 1 Seismic data 
We collected long period seismic records in the Qinghai-Tibet Plateau and its 
adjacent areas during the period of 1966-2007. These data are from the digital seismic 
stations of IC (NCDSN), G (Geoscope), XA (Bhutan), XR (INDEPTH II&III), YA 
(2003MIT-China), II/IU (GSN), YL (Himalayan Nepal Tibet Experiment) and KZ 
(Kazakhstan) (Fig. 1.1). The data set is enriched by several seismic records from some 
Indian stations, made available to us by S.S. Rai of NGRI. These seismic stations and 
events are listed in Table 1.1 and Table 1.2. The seismic events considered are those 
whose magnitudes are larger than 5.0, focal depths are less than 300 km and the 
epicenter-station distances are larger than 1200 km. After making instrumental 
correction and proper band-pass filtering, group velocities dispersion of the 
fundamental mode Rayleigh waves are measured using the frequency-time analysis 
(FTAN).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.1 The map of 
seismic stations used in 
the study. 
YL-Himalayan Nepal Tibet Experiment 
YA-2003MIT-China 
 XR-INDEPTH 
XA-Bhutan 
KZ-Kazakhstan 
II/IU-GSN 
IC/CD-CDSN 
 
IG-GEOSCOPE 
NDI-India 
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Table 1.1 Codes of the stations, which have recorded the events selected in the study.  
. 
Network Stations(Code) 
G-GEOSCOPE HYB, WUS 
IC/CD-CDSN BJI, CD2, ENH, GYA, HIA, KMI, LSA, LSA, LZH, PZH, QIZ, 
WMQ, XAN, YCH 
II/IU-GSN AAK, ABK, ARU, BRVK, CHTO, KURK, NIL, TLY, ULN  
KZ-Kazakhstan BRVK, BVAR, CHK, CHKZ, KKAR, KUR, KURK, MAKZ, MKAR, 
VOS, ZRN, ZRNK 
NDI-India ALB, BDI, BHT, BNK, BOK, BOM, CHD, DCH, DCL, GRG, HNL, 
JHN, KDG, KSL, KSP, KTH, KUL, LEH, LTA, NDI, NPL, NTL, 
POO, SHL, TKS, VIS 
XA-Bhutan CHUK, PARO 
XR-INDEPTH 
II &III 
BB05, BB08, BB10, BB14, BB18, BB20, BB23, BB34, BB36, DONG, 
LUMP, ST01, ST04, ST05, ST08, ST09, ST10, ST11, ST12, ST15, 
ST19, ST20, ST22, ST23, ST28, ST29, ST30, ST31, ST33, ST34, ST35, 
ST37, ST39, ST40 
YA-2003MIT-China MC01, MC02, MC03, MC04, MC05, MC06, MC07, MC08, MC09, 
MC10, MC11, MC12, MC13, MC14, MC15, MC16, MC17, MC18, 
MC19, MC20, MC21, MC22, MC23, MC24, MC25 
YL-Himalayan  
Nepal Tibet 
Experiment 
BIRA, BUNG, DINX, GAIG, HILE, ILAM, JANA, JIRI, MAZA, 
MNBU, ONRN, PHAP, PHID, RBSH, RUMJ, SAGA, SAJA, SIND, 
SSAN, SUKT, THAK, TUML 
 
Table 1.2  List of focal parameters for the earthquakes used in this study. 
No. of 
event 
Latitude
(oN) 
Longitude 
(oE) 
Depth 
(km) 
Magnitude Time 
(yyyy/mm/dd/hh:mm:ss.s)
1 29.92 69.62 26.0 5.4 1966/01/24/07:23:09.8 
2 29.94 69.74 14.0 5.0 1966/01/24/15:32:51.0 
3 17.30 73.85 29.0 5.0 1967/12/12/06:18:36.0 
4 27.42 91.86 19.0 5.8 1967/09/15/10:32:44.2 
5 17.33 73.91 27.0 6.2 1967/12/12/15:48:55.0 
6 17.20 73.72 1.0 5.8 1967/12/11/20:49:46.0 
7 17.34 73.96 33.0 5.5 1967/12/24/23:49:53.4 
8 17.41 73.84 1.0 5.4 1968/10/29/10:00:00.8 
9 17.51 73.92 30.0 5.1 1969/11/03/23:22:12.0 
11 17.24 73.87 33.0 5.0 1980/09/20/07:28:58.0 
12 17.26 73.64 19.0 5.2 1980/09/20/10:45:30.0 
13 50.32 88.81 15.0 5.3 1986/11/04/16:19:18.4 
14 50.84 89.22 15.3 5.4 1986/11/04/16:19:15.3 
15 32.22 94.51 53.0 5.0 1986/11/22/20:59:53.0 
16 41.77 81.48 15.0 5.9 1987/01/05/22:52:49.0 
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17 34.23 103.86 15.0 5.5 1987/01/07/18:19:09.1 
18 41.26 79.31 15.0 6.3 1987/01/24/08:09:21.8 
19 39.12 70.14 33.0 5.0 1987/02/23/00:21:21.1 
20 38.08 91.16 35.6 5.7 1987/02/25/19:56:35.6 
21 38.30 91.08 15.0 5.3 1987/02/25/19:56:36.4 
22 41.30 79.52 33.0 5.1 1987/03/03/09:41:33.8 
23 42.44 70.02 15.0 5.2 1987/03/26/11:56:55.8 
24 41.74 69.88 57.7 5.1 1987/03/26/11:56:57.7 
25 39.67 74.67 15.0 5.7 1987/04/30/05:17:37.1 
26 24.58 93.94 75.3 5.9 1987/05/18/01:53:51.0 
27 41.32 82.09 18.5 5.1 1987/08/05/10:24:18.5 
28 29.30 83.77 34.0 5.2 1987/08/09/21:14:58.2 
29 38.20 106.50 15.5 5.4 1987/08/10/12:12:15.5 
30 37.57 105.63 21.3 5.1 1987/08/10/12:12:17.8 
31 52.16 95.78 23.3 5.0 1987/09/16/17:57:23.3 
32 47.24 89.69 15.0 5.6 1987/09/18/21:58:36.6 
33 34.14 80.66 41.0 5.0 1987/09/27/06:12:41.0 
34 36.59 71.97 98.2 5.9 1987/10/03/11:00:03.3 
35 41.27 89.75 19.0 5.9 1987/12/22/00:16:39.1 
36 39.01 75.50 36.7 5.4 1988/01/06/15:31:13.5 
37 39.63 75.53 15.1 5.0 1988/01/06/15:31:15.1 
38 38.90 71.01 15.0 5.3 1988/01/09/03:55:05.1 
39 29.80 94.87 33.0 5.5 1988/01/25/01:12:22.0 
40 24.05 91.66 42.7 5.8 1988/02/06/14:50:41.8 
41 24.05 91.66 31.0 5.8 1988/02/06/14:50:42.7 
42 30.41 68.10 15.0 5.0 1988/03/19/20:19:15.6 
43 38.23 73.60 128.3 6.1 1988/03/26/22:58:41.5 
44 41.99 85.68 55.0 5.6 1988/05/25/18:21:55.0 
45 42.92 77.49 43.2 5.4 1988/06/17/13:30:43.2 
46 33.49 89.38 40.3 5.0 1988/06/30/12:31:40.3 
47 37.01 72.94 53.5 5.4 1988/07/20/06:20:53.5 
48 48.88 91.04 18.0 5.8 1988/07/23/07:38:09.9 
49 25.19 94.89 100.5 7.1 1988/08/06/00:36:24.6 
50 39.82 74.20 15.0 5.2 1988/08/12/18:58:40.3 
51 26.89 82.48 10.2 7.2 1988/08/20/23:09:10.2 
52 26.52 86.64 34.7 6.8 1988/08/20/23:09:11.2 
53 34.41 91.94 30.4 6.8 1988/11/05/02:14:30.4 
54 34.17 91.70 15.0 6.2 1988/11/05/02:14:30.8 
55 31.10 85.40 27.8 5.0 1988/11/07/02:20:27.8 
56 23.38 99.42 15.0 5.3 1988/11/07/02:39:56.5 
57 34.29 91.77 15.0 5.6 1988/11/25/22:29:41.1 
58 39.72 71.56 15.0 5.5 1988/12/14/11:45:59.8 
59 46.81 95.73 24.0 5.6 1988/12/15/06:40:52.0 
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60 49.88 78.82 40.1 6.0 1989/01/22/03:57:06.1 
61 29.74 90.13 15.0 5.6 1989/02/03/17:50:01.9 
62 36.25 80.85 0.0 5.0 1989/02/21/14:09:40.1 
63 21.61 98.30 58.1 6.0 1989/03/01/03:25:07.8 
64 24.25 91.71 33.0 5.2 1989/04/13/07:25:36.6 
65 29.92 99.37 15.0 6.5 1989/04/15/20:34:11.7 
66 30.00 99.69 15.0 6.3 1989/05/03/05:53:00.4 
67 50.32 105.93 15.0 5.1 1989/05/13/03:35:02.7 
68 35.69 91.65 15.0 5.0 1989/05/13/23:19:42.2 
69 35.83 91.33 19.8 5.0 1989/05/16/22:15:19.8 
70 22.13 89.88 15.0 5.7 1989/06/12/00:04:10.4 
71 20.61 102.61 15.0 5.5 1989/06/16/20:12:31.3 
72 29.79 99.54 15.0 5.6 1989/07/21/03:09:16.1 
73 30.87 102.83 15.0 6.0 1989/09/22/02:25:53.5 
74 20.32 99.06 15.0 5.8 1989/09/28/21:52:17.0 
75 36.35 82.68 29.7 5.0 1989/10/08/15:49:29.7 
76 21.62 93.89 44.6 5.2 1989/12/02/19:44:26.8 
77 24.42 94.95 129.6 6.1 1990/01/09/18:51:28.9 
78 36.56 70.84 113.5 6.4 1990/02/05/05:16:45.1 
79 28.66 66.16 28.0 6.3 1990/03/04/19:46:22.1 
80 37.04 72.85 17.5 6.5 1990/03/05/20:47:03.5 
81 37.18 72.84 33.0 5.0 1990/03/06/18:07:06.1 
82 39.04 73.09 22.0 5.4 1990/03/29/16:19:15.2 
83 29.92 99.35 10.0 5.0 1990/04/08/19:13:49.6 
84 39.29 74.78 15.0 5.2 1990/04/17/01:59:28.4 
85 36.01 100.27 15.0 6.9 1990/04/26/09:37:14.3 
86 35.44 70.09 113.1 6.0 1990/05/15/14:25:20.7 
87 38.12 74.58 115.7 5.5 1990/05/17/13:21:07.3 
88 32.20 93.28 15.0 5.6 1990/06/02/00:32:35.2 
89 47.88 85.19 36.0 5.6 1990/06/14/12:47:28.3 
90 26.75 65.25 15.0 5.8 1990/06/17/04:51:46.1 
91 48.25 85.28 32.0 6.0 1990/08/03/09:15:04.1 
92 47.96 84.96 33.4 6.2 1990/08/03/09:15:06.1 
93 37.06 103.54 15.0 5.6 1990/10/20/08:07:30.5 
94 43.79 83.99 15.0 5.6 1990/10/24/23:38:15.2 
95 35.19 70.74 135.7 6.0 1990/10/25/04:53:46.5 
96 43.18 78.24 15.0 6.4 1990/11/12/12:28:49.0 
97 42.96 78.07 19.1 6.4 1990/11/12/12:28:51.5 
98 40.62 73.41 32.0 5.0 1990/12/01/18:09:28.8 
99 36.01 70.23 126.1 6.9 1991/01/31/23:03:34.9 
101 40.34 79.20 15.0 6.0 1991/02/25/14:30:29.3 
102 34.47 91.84 30.0 5.1 1991/02/26/15:38:42.0 
103 15.81 95.57 16.0 6.0 1991/04/01/03:53:03.3 
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104 42.68 87.25 22.0 5.2 1991/06/06/08:02:06.1 
105 35.99 84.74 24.0 5.0 1991/06/17/06:55:16.3 
106 33.89 92.24 10.0 5.0 1991/08/10/20:21:51.5 
107 46.03 85.41 54.8 5.7 1991/08/19/06:05:53.0 
108 37.27 95.40 0.0 5.5 1991/09/02/11:05:56.6 
109 54.68 110.70 32.6 5.1 1991/09/12/00:33:32.4 
110 40.18 105.08 0.0 5.0 1991/09/14/13:16:37.7 
111 30.22 78.24 15.0 6.8 1991/10/19/21:23:15.5 
112 34.11 88.89 35.0 5.0 1991/12/14/08:20:24.5 
113 33.91 88.81 34.0 5.2 1991/12/23/01:58:24.4 
114 51.12 98.14 15.0 6.4 1991/12/27/09:09:36.9 
115 35.13 74.45 103.4 5.3 1992/01/24/05:04:50.9 
116 22.54 98.97 15.0 5.8 1992/04/23/14:18:37.9 
117 22.44 98.90 12.0 6.1 1992/04/23/14:18:35.1 
118 32.95 71.27 15.0 6.1 1992/05/20/12:20:35.0 
119 24.03 95.93 17.3 6.3 1992/06/15/02:48:56.2 
120 29.58 90.16 14.1 6.1 1992/07/30/08:24:46.6 
121 29.46 90.30 15.0 5.7 1992/07/30/08:24:49.2 
122 42.19 73.32 17.0 7.3 1992/08/19/02:04:36.5 
123 37.35 71.86 131.2 5.8 1992/12/04/11:36:36.3 
124 30.84 90.37 33.0 5.9 1993/01/18/12:42:07.8 
125 29.08 87.33 12.2 6.2 1993/03/20/14:51:59.7 
126 28.87 87.64 15.0 6.0 1993/03/20/14:52:01.0 
127 36.35 70.59 209.6 6.3 1993/08/09/11:38:31.1 
128 36.48 71.80 117.6 6.1 1993/09/18/05:02:27.2 
129 38.16 88.82 15.0 6.1 1993/10/02/08:42:32.8 
130 39.73 76.50 19.0 5.6 1993/11/30/20:37:12.9 
131 24.80 97.40 15.0 6.1 1994/01/11/00:51:59.7 
132 30.83 60.50 15.0 6.1 1994/02/23/08:02:05.3 
133 30.59 60.44 15.0 6.1 1994/02/26/02:31:11.6 
134 26.19 96.87 33.0 5.9 1994/04/06/07:03:27.6 
135 25.62 97.05 15.0 5.9 1994/04/06/07:03:27.7 
136 37.10 66.85 24.0 6.2 1994/05/01/12:00:37.0 
137 32.57 93.67 9.5 5.9 1994/06/29/18:22:33.5 
138 17.96 96.58 15.0 5.8 1994/08/19/21:02:45.0 
139 56.76 117.90 12.3 6.0 1994/08/21/15:55:59.2 
140 25.54 96.66 14.0 5.9 1994/11/21/08:16:34.0 
141 24.98 95.29 118.0 6.4 1995/05/06/01:59:07.1 
142 12.12 57.94 62.0 6.5 1995/05/26/03:11:17.1 
143 51.96 103.10 11.6 5.8 1995/06/29/23:02:28.2 
144 21.97 99.18 10.0 5.9 1995/07/09/20:31:31.4 
145 36.43 70.39 223.0 6.2 1995/10/18/09:30:38.5 
146 56.10 114.50 21.5 5.8 1995/11/13/08:43:14.5 
 15
147 48.44 88.14 17.0 5.6 1996/03/12/18:43:42.8 
148 11.91 57.82 10.0 6.1 1996/03/28/07:28:28.0 
149 40.77 109.66 26.0 5.5 1996/05/03/03:32:47.1 
150 30.15 88.19 33.0 5.6 1996/07/03/06:44:45.5 
151 36.05 70.71 120.0 5.9 1996/09/14/08:01:03.7 
152 12.43 58.07 10.0 6.4 1996/10/01/15:50:23.6 
153 19.33 95.01 80.0 6.0 1996/11/11/09:22:27.7 
154 24.50 92.64 50.0 5.3 1996/11/19/00:12:18.6 
155 35.34 78.13 33.0 6.8 1996/11/19/10:44:46.0 
156 41.03 74.28 22.0 5.9 1997/01/09/13:43:31.5 
157 39.47 77.00 33.0 5.9 1997/01/21/01:48:30.1 
158 37.66 57.29 10.0 6.5 1997/02/04/10:37:47.1 
159 29.98 68.21 33.0 7.1 1997/02/27/21:08:02.3 
160 30.14 68.02 33.0 5.9 1997/03/20/08:50:40.3 
161 39.51 76.86 33.0 5.9 1997/04/05/23:46:19.5 
162 39.54 77.00 33.0 6.0 1997/04/06/04:36:35.2 
163 39.53 76.94 15.0 6.2 1997/04/11/05:34:42.7 
164 39.63 76.99 23.0 5.8 1997/04/15/18:19:10.1 
165 24.89 92.25 35.0 5.9 1997/05/08/02:53:14.7 
166 36.41 70.95 196.0 6.4 1997/05/13/14:13:45.7 
167 23.08 80.04 36.0 5.8 1997/05/21/22:51:28.7 
168 33.94 59.48 10.0 5.9 1997/06/25/19:38:40.6 
169 35.07 87.33 33.0 7.5 1997/11/08/10:02:52.6 
170 22.21 92.70 54.0 6.1 1997/11/21/11:23:06.3 
171 25.38 96.61 33.0 5.8 1997/12/30/13:43:18.6 
172 41.08 114.50 30.0 5.8 1998/01/10/03:50:41.5 
173 37.08 70.09 33.0 5.9 1998/02/04/14:33:21.2 
174 36.30 71.00 221.0 5.5 1998/02/14/00:08:08.0 
175 36.48 71.09 236.0 6.3 1998/02/20/12:18:06.2 
176 30.15 57.61 9.0 6.6 1998/03/14/19:40:27.0 
177 36.40 70.10 225.0 6.0 1998/03/21/18:22:28.0 
178 24.93 95.31 122.0 5.5 1998/05/02/08:36:50.1 
179 37.11 70.11 33.0 6.5 1998/05/30/06:22:28.9 
180 30.13 88.17 33.2 5.8 1998/07/20/01:05:58.3 
181 30.08 88.11 33.0 5.9 1998/08/25/07:41:40.1 
182 39.66 77.34 33.0 6.3 1998/08/27/09:03:36.6 
183 27.31 101.03 33.0 5.2 1998/11/19/11:38:14.8 
184 41.67 88.46 23.0 5.9 1999/01/30/03:51:05.0 
185 34.25 69.36 33.0 6.0 1999/02/11/14:08:51.0 
186 51.60 104.86 10.0 6.1 1999/02/25/18:58:29.0 
187 28.34 57.19 33.0 6.6 1999/03/04/05:38:26.0 
188 55.90 110.21 10.0 5.8 1999/03/21/16:16:02.2 
189 30.51 79.40 15.0 6.6 1999/03/28/19:05:11.0 
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190 30.09 69.44 33.0 5.3 1999/06/26/21:54:10.0 
191 36.62 71.35 189.0 5.7 1999/06/29/23:18:05.0 
192 36.52 71.24 228.0 6.5 1999/11/08/16:45:43.0 
193 25.61 101.06 33.0 5.9 2000/01/14/23:37:07.9 
194 38.12 88.60 33.0 5.5 2000/01/31/07:25:59.0 
195 38.48 66.50 11.0 5.5 2000/04/20/08:41:29.0 
196 26.86 97.24 33.0 6.4 2000/06/07/21:46:55.9 
197 17.15 73.80 33.0 5.4 2000/09/05/00:32:46.0 
198 54.64 94.95 33.0 5.6 2000/10/27/00:08:53.0 
199 23.43 70.07 33.0 5.2 2001/01/26/07:32:33.0 
200 23.51 70.52 10.0 5.8 2001/01/28/01:02:10.7 
201 23.65 70.64 33.0 5.9 2001/01/28/01:02:15.0 
202 29.52 101.13 33.0 5.7 2001/02/23/00:09:23.0 
203 34.33 86.94 33.0 5.9 2001/03/05/15:50:07.0 
204 11.95 80.23 10.0 5.5 2001/09/25/14:56:44.0 
205 35.83 93.61 10.0 5.7 2001/11/18/21:59:53.0 
206 35.97 69.17 33.0 5.9 2002/03/25/14:56:33.0 
207 36.06 69.32 8.0 6.1 2002/03/25/14:56:33.8 
208 38.53 73.41 117.5 5.4 2002/04/14/02:04:21.1 
209 30.54 81.44 33.0 5.5 2002/06/04/14:36:05.5 
210 30.80 69.98 33.0 5.8 2002/07/13/20:06:27.5 
211 30.99 99.90 33.0 5.5 2002/08/08/11:42:05.2 
212 35.41 74.52 33.0 6.4 2002/11/20/21:32:30.8 
213 39.61 77.23 11.0 6.4 2003/02/24/02:03:41.4 
214 37.53 96.48 14.0 6.4 2003/04/17/00:48:38.5 
215 39.43 77.22 10.0 5.8 2003/05/04/15:44:35.5 
216 34.61 89.48 17.7 5.8 2003/07/07/06:55:43.0 
217 25.98 101.29 10.0 5.9 2003/07/21/15:16:31.9 
218 22.85 92.31 10.0 5.6 2003/07/26/23:18:17.8 
219 43.81 119.57 24.4 5.7 2003/08/16/10:58:42.8 
220 29.58 95.61 33.0 5.6 2003/08/18/09:03:03.5 
221 56.02 111.34 33.0 5.6 2003/09/16/11:24:55.7 
222 50.04 87.81 16.0 7.3 2003/09/27/11:33:25.0 
223 50.09 87.77 10.0 6.4 2003/09/27/18:52:46.9 
224 50.21 87.72 10.0 6.7 2003/10/01/01:03:25.2 
225 49.95 88.21 10.0 5.5 2003/10/23/00:25:45.8 
226 38.40 100.95 10.0 5.8 2003/10/25/12:41:35.2 
227 50.20 87.60 10.0 5.7 2003/11/17/01:35:47.9 
228 42.91 80.52 10.0 6.0 2003/12/01/01:38:31.9 
229 29.00 58.31 10.0 6.6 2003/12/26/01:56:52.4 
230 31.57 91.21 10.8 5.5 2004/03/07/13:29:45.2 
231 45.45 118.17 15.8 5.7 2004/03/24/01:53:49.3 
232 33.95 89.18 8.0 6.0 2004/03/27/18:47:29.2 
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233 36.51 71.03 187.1 6.5 2004/04/05/21:24:04.0 
234 30.69 83.67 13.0 6.2 2004/07/11/23:08:44.1 
235 12.46 95.00 22.4 5.8 2004/07/29/01:44:06.9 
236 36.44 70.80 207.0 6.0 2004/08/10/01:47:32.8 
237 30.96 81.08 9.6 5.3 2004/10/26/02:11:33.5 
238 41.73 79.44 22.0 6.1 2005/02/14/23:38:08.6 
239 30.49 83.66 11.0 6.3 2005/04/07/20:04:41.0 
240 28.87 94.60 37.2 5.9 2005/06/01/20:06:42.7 
241 43.05 109.00 10.0 5.5 2005/07/20/21:54:06.8 
242 36.39 70.72 209.1 5.5 2005/07/23/14:40:25.0 
243 27.72 87.42 54.9 5.0 2005/08/28/13:14:10.2 
244 24.64 94.81 88.4 5.8 2005/09/18/07:26:00.3 
245 34.73 73.10 8.0 6.4 2005/10/08/10:46:28.7 
246 34.57 73.18 10.0 5.5 2005/10/08/12:08:28.1 
247 34.79 73.14 20.3 5.9 2005/10/08/12:25:22.1 
248 34.56 73.20 10.0 5.5 2005/10/09/07:09:19.0 
249 34.87 73.13 10.0 5.6 2005/10/12/20:23:38.7 
250 34.82 72.97 10.0 5.8 2005/10/19/02:33:29.8 
251 34.81 73.04 10.0 5.6 2005/10/19/03:16:22.0 
252 34.88 73.02 10.0 6.2 2005/10/23/15:04:21.3 
253 34.74 73.06 10.0 5.6 2005/11/21/08:26:12.7 
254 27.38 88.36 20.1 5.7 2006/02/14/00:55:23.8 
255 27.01 91.67 10.0 5.5 2006/02/23/20:04:54.3 
256 26.91 91.71 10.0 5.5 2006/02/23/20:04:53.5 
257 34.87 73.79 10.0 5.5 2006/03/20/17:40:45.3 
258 44.46 102.30 35.0 5.8 2006/04/30/00:43:14.7 
259 45.39 97.35 9.0 5.8 2006/06/15/06:49:48.8 
260 39.11 71.82 7.7 5.7 2006/07/06/03:57:51.2 
261 44.19 83.47 23.5 5.4 2006/11/23/11:04:45.0 
262 39.82 70.30 14.0 5.9 2007/01/08/17:21:49.7 
263 37.71 91.81 10.0 5.5 2007/02/02/22:32:19.1 
264 34.25 81.97 9.0 5.8 2007/05/05/08:51:39.0 
265 31.41 97.79 33.8 5.6 2007/05/07/11:59:51.1 
266 42.93 82.31 11.8 5.5 2007/07/20/10:06:52.7 
 
1.2 Measurement 
Seismic surface wave transports most of seismic wave energy. Its attenuation is 
smaller than that of body waves and it is dispersed – the velocity of propagation 
depends on the frequency of the wave. It provides important information about shear 
wave velocity, anisotropy, attenuation of the crossed medium. One of most powerful 
methods for extracting clear surface waves and their corresponding dispersion is the 
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frequency-time analysis (FTAN). FTAN represents the seismic record in the 
two-dimensional domain – time and frequency - by multiple narrow-band filtering. 
This method allows the separation of different wave packages, which is possible 
neither in the time domain nor in the frequency domain only. The maximum 
amplitude of signal in this two-dimensional diagram corresponds to the surface wave 
dispersion curve.  
The FTAN method is a computer-oriented and an interactive technique, which 
uses the digital signals (Levshin et al., 1972, 1992). Before starting FTAN analysis the 
raw seismic signal is modified by preliminary manipulation – time windowing, 
detrend and decimation to the necessary sampling rate. The first step in implementing 
FTAN is a Fourier transform of the cleaned seismic signal u(t) into the frequency 
domain: 
∫ −=
te
ts
dttitus )exp()()( ωω  
Where t is time, ω is circular frequency, ts and te are the start and end time of 
the seismic records. The signal )(ωs is corrected for the instrument phase response to 
S(ω ). The next step is multiple narrow-band filtering of S(ω ) by a set of N Gaussian 
filters F( iωω − ): 
])/)((exp[)( 2iiiiF ωωωαωω −−=− , i=1,…,N 
Where iα is a parameter governing the resolving power of the ith filter , i. e. its 
relative width and iω  is the central frequency of the ith filter. The complex output 
frequency-time function ),( tY ω is calculated for each filter by means of the inverse 
Fourier transform: 
∫+∞
∞−
−= ϖϖωϖϖω dtiFStY i )exp()()(),(  
For fixed iωω = , i.e. for the ith filter, ),( tY iω is the envelop of the filtered 
narrow-band output and arg ),( tY iω is its temporal phase. Actually in the computer 
code of the method two matrices ),( ji tY ω  and ),( ji tY ω , i = 1,…, N (number of 
filters), j = 1,…, M (number of points at filtered outputs) are stored. The map of 
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normalized amplitudes is displayed on the screen of the computer. Period T =1/2πω  
is used for convenience on the horizontal axis and group velocity )(/)( ωω trU = on 
the ordinate, where r is the epicenter-station distance. 
The next step is floating filtering. The desired signal is extracted from a defined 
area of the frequency-time amplitude map. The line t(ω )is drawn along local maxima 
),( ji tY ω of the signal. The frequency range ( es ωω , ) is determined in this way only 
for an area where the signal is well observed. Then the phase equalization is applied 
by multiplying the spectrum S(ω )by the phase correcting factor )](exp[ ωΨi , where 
∫ +=Ψ e
s
cl
U
dr
ω
ω
ωω
ωω
)(
)(  
)(ωU is obtained by an interpolation of the curve drawn on the screen and the 
constant cl is chosen to compress the signal around the average group time. The 
phase-equalized spectrum produces the compressed signal w(t) in the time domain by 
the inverse Fourier transform. The compressed waveform should be similar to a 
δ function in the absence of noise and other signals. In reality additional oscillations 
exist and a cosine-tapered window is applied (filtering in the time domain) to the 
displayed envelop of w(t) around the sharp impulsive part related to the desired signal. 
As a result, the signal around the drawn dispersion curve is separated by suppression 
of the random noise and other waves. The obtained signal w’(t) is transformed into the 
spectrum W(ω ) and its initial phase spectrum is restored by multiplying it by the 
factor )](exp[ ωΨi . FTAN can be applied once again for more accurate measurements 
of dispersion parameters. Finally the cleaned dispersion signal wc(t) is obtained in the 
time domain.  
1.3 Dispersion curves 
1.3.1 All dispersion curves 
One example of the procedure is shown in Fig. 1.2. Furthermore, we perform the 
cluster average for the similar ray paths. The middle values of dispersion velocities of 
one cluster are used as dispersion measurement along a single path. Finally, a set of 
dispersion curves for the fundamental Rayleigh wave mode is obtained for 791 paths 
in the period range from 8 s to 150 s for tomography. These ray paths cover the study 
area sufficiently well (Fig. 1.3) as proven by the horizontal resolution (Fig. 2.1; Fig. 
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2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Event: 2003/09/16 11:24:55.7 Description: Lake baykal region             LSA:   91.15oE,    29.70oN; 
Lat: 56.02oN; Lon: 111.34oE; Depth: 33.00km; Mag: 5.6; Dist: 3329.12km          Elevation: 3658m.    
                  (a)                                            (b) 
LSA 
 
                                         (c) 
Fig. 1.2 An example of determining group velocity dispersion curve (Lhasa station, LSA); (a) 
Waveform records (red line is cleaned waveform, blue line is raw waveform.); the earthquake 
(Mag=5.6, Depth=33.0km) is located at 56.02oN, 111.34oE; (b) Wave path from Baykal Lake to Lhasa 
station; (c) FTAN diagram and the group velocity dispersion curve. 
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1.3.2 The character of some dispersion curves 
The dispersion curves crossing the different geological blocks are different. One 
example of several ray paths is presented in Fig 1.5. The earthquake A occurred on 8 
October 2005 in Pakistan, at the depth of 8 km. Its magnitude is 6.4. The record is 
from the station Hyderabad (HYB). The earthquake B occurred on 11 July 2004 in 
Tibet, at the depth of 13 km. Its magnitude is 6.2. The record is from the stations of 
Ulaanbaatar (ULN), Hailar (HIA), Baijiatuan (BJT) and network 2003MIT-China 
(MC03, MC04, MC05, MC07, MC08, MC09, MC11, MC14, MC17, MC20 and 
MC25). We observe that the group velocity of Rayleigh wave crossing the Qinghai- 
Tibet Plateau decreases between 16 s and 35 s and then increases at longer periods 
(Fig.1.6). It is similar to the 
result of group velocity of 
Rayleigh wave obtained by 
Shapiro (2004) (Fig. 1.4). 
The group velocities from 
20 s to 80 s of the 
dispersion curve crossing 
the southern Qinghai-Tibet 
Plateau are lower than that 
of the curves crossing the 
Seismic station
Epicenter
 
Fig. 1.3 The coverage of 791 ray paths (red curves) used in the study. The blue triangles are 
seismic stations. The yellow stars are epicenters. 
Fig. 1.4 Dispersion of 
intermediate-period 
Rayleigh for a path 
across southern 
Qinghai-Tibet Plateau 
(Shapiro, 2004) 
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India Plate and middle Qinghai-Tibet Plateau, Mongolia and North China. Moreover 
the gradients of the dispersion curves crossing the Qinghai-Tibet Plateau between 40 s 
and 60 s are not steeper than those of the other dispersion curves. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The main reason for the difference may be the different average crust thickness 
in the study area. Some evidences suggested that the middle crust of Qinghai-Tibet 
Plateau is hot (Nelson, 1996), which favors lateral crustal flow (Zhang et al., 2002; 
Sun et al., 2004).  
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Fig. 1.6 The group dispersion curves of the fundamental mode Rayleigh waves. The 
curves correspond to the ray paths in the Fig. 1.5.
 
Fig. 1.5 Some ray paths coverage are in the study areas. The blue triangles are 
stations. The yellow stars are epicenters. 
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Chapter 2 Surface wave Tomography 
Surface waves form the longest and strongest part of seismic oscillations 
generated by explosions and earthquakes. Traversing areas with diverse geological 
structures they absorb information on the physical properties of these areas. Relevant 
information is contained in the dispersion: the dependence of velocity on frequency. 
The other properties of these waves such as polarization, frequency content, 
attenuation and azimuthal variation of the amplitude and phase, are also controlled by 
the medium between the source and the receiver. Some of them derive from the 
properties of the source itself and by the medium around it. The information about the 
Earth structure and the seismic source carried out by surface waves may be extracted 
from seismic records and used for solving numerous scientific and practical problems. 
Theoretical studies of surface waves stared with Lord Rayleigh(1987) and Love 
(1911). The state of the art of the theory can be found, for example, in Aki & Richards 
(1980), Levshin et al. (1989) and Kennet (2001).  
Unlike body wave tomography the surface wave tomography does not require 
the assumption of an a priori model. Group or phase surface velocities, observed 
along different paths, are widely used to map local values of the velocities for a set of 
periods subsequently inverted into material physical properties, like velocity, density, 
attenuation, of the Earth’s structure.  
Usually dispersions in cells are calculated by grid dispersion tomography (Song 
et al., 1991, 1993; Zhu et al., 1988). Grid scale should be consistent with resolution. 
We perform tomography by the method proposed by Yanovskaya et al. (1990). 
2.1 Methodology 
It is generally supposed that the source-station travel time is given by an integral 
over the ray. Accordingly, the time residual relative to some initial approximation is 
determined, in a linearized formulation, from the functional: 
 ∫ δ−=δ
i0
L
2
0
i
ds
)r(V
)r(Vt                                            (2.1) 
where )r(V0  is the velocity in the initial approximation; )r(V)r(V)r(V 0−=δ ; i0L  
is the path corresponding to the initial approximation. The initial velocity is assumed 
to be a constant that is equal to the average velocity on a flat Earth at a given period in 
the area of study. In that case 
i0
L  is a straight line on a flat Earth (or the 
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epicentre-station segment of the great circle for a sphere). Denoting 
0V)r(V)r(m δ−= and replacing (2.1) with the integral over the 2-D area of study, Ω, 
one has: 
     ∫ ∫
Ω
= )()()( rdrmrGt iiδ                                         (2.2) 
where )r(G i is a function that is singular on the i-th ray, vanishes outside it, and 
satisfies the condition: 
∫ ∫ =
Ω
ii trdrmrG 0)()()(  
t0i being the time of travel along the i-th ray in the initial approximation model. It is 
important to note that the travel time is given by the integral over some area that 
encloses the line and not over an infinitely thin line. The desired relative residual itδ  
can be expressed in terms of (2.2) with a kernel )r(G~ i , which is bounded and 
different from zero in some vicinity of the ray. Introducing, in Ω, the coordinates s, 
along the ray, and n, normal to the ray, and finding the region N(s) along n where 
)r(G~ is different from zero, one can write the integral (2.2) in the form: 
∫∫∫∫∫
Ω
===δ dr)r(G)r(m
V
ds)s(mdn)s,n(m)s,n(G~dst
ii
L 0
i
)s(N
i
L
i
i0i0
          (2.3) 
where ∫=
)s(N
i0i
dn)s,n(m)s,n(G~V)r(m  is not the local value of m at the point r, but it 
is an average along the direction which is perpendicular to the ray at that point.  
When the velocity varies smoothly and its variation is not large, then the error 
incurred by using (2.3) instead of (2.1) will not be large either, and can be assumed to 
be random.  
In that case the observations (time residuals itδ ) and the desired model will be 
related by: 
∫∫ ε+=δ
Ω
iii
dr)r(m)r(Gt
. 
In the case in which the errors iε  can be assumed independent, the search for 
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the unknown function )r(m  will reduce to minimize: 
  
∑ ∫∫
Ω
−
i
ii drrmrGt
2)( )()(δ
                                  (2.4) 
The solution of such problem is not unique and hence extra restrictions should be 
imposed on the desired function. The methods employed to construct the solution 
differ in relation to the restrictions imposed. The Backus-Gilbert method imposes a 
restriction on the behaviour of the desired functions: the solution must have the 
minimum norm (to minimize the integral of the squared derivative). In the 2-D case, it 
means minimizing the integral of the squared gradient of )(rm . From (2.4), in order to 
find )(rm , α being a regularization parameter, one has to minimize the functional: 
  
∫∫∑ ∫∫
ΩΩ
Δα+−δ dr)r(mdr)r(m)r(Gt 2
i
ii
)(
                   (2.5) 
The minimization of (2.5) is still not sufficient to derive the unique solution, 
considering that the second term in (2.5) contains the gradient of the function rather 
than the function itself, so that one needs to have some conditions given at the edge of 
the region Ω.  
 
2.2 Lateral resolution 
The lateral resolution of tomography maps can be estimated as follows. 
2.2.1 Checkboard test 
The checkboard test method can be used to estimate the spatial and azimuthal 
resolution of different studied regions although it has essential weakness. By tracing 
all of the rays used in inversion through a theoretical Earth with a checkboard pattern 
of fast and slow, we determine whether the resolution is sufficient to resolve 
different-size structures. Each ray trace accumulates an anomalous travel time. If the 
inversion of these theoretical travel time returns the correct checkboard pattern, then 
we have resolution down to the scale of the checkboard. Being less informative than a 
linear resolution matrix, the inverted checkboard gives simply a visual impression of 
how anomalies are dampened, smoothed, smeared, and distorted by the inversion 
process. We determine the correct pair of velocity perturbation and grid size by 
comparing input and inverted checkboard patterns. The best scalar pair yields the 
greatest correlation between the input model and inverted chechboard models of the 
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best pair (VQM3DA, 2005). The checkboard tests for the observation system with 
different correlation length shows that the resolution of the lateral heterogeneity is 
close to 2o×2o (~ 200 km) in most of Qinghai-Tibet Plateau and its adjacent areas 
(Fig. 2.1).  
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Δ V
 
                           ( b) 
Fig. 2.1 Checkboard resolution test (2º×2º) for the observation system at the period of 50 s. 
(a) Input pattern; (b) For the period of 50 s. The reference velocity is 3.5 km/s. The 
perturbation velocity of the pattern is 0.5 km/s. The white circle is negative velocity, and the 
black circle is positive velocity. It represents that the lateral resolution closes to 2º ×2º in 
most Qinghai-Tibet Plateau and its adjacent areas. 
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2.2.2 Evaluation of the resolution 
The lateral resolution of the dispersion data can be better evaluated with the 2-D 
tomography method (Ynovskaya and Ditmar, 1990) as follows. At any fixed period 
the estimation of the horizontal resolution generalizes the Backus and Gilbert method 
and considers the direction dependence of the resolution (Pontevivo and Panza, 2002). 
The resolution of the data set also is controlled by the density of the paths, the 
azimuth coverage and the average path length. Yanovskaya (1997) defines the 
criterion to estimate the resolution at a point along a fixed direction, assumed 
arbitrarily to coincide with the ξ  axis: the smoothing area width, α , characterizing 
the data resolving power can be estimated along any direction ϑ  through the proper 
rotation of the ξ  axis. Thus, the azimuth dependence of the resolving power can be 
estimated at any point as )22cos()( φϑϑα −+= ba . Accordingly with Yanovskaya 
(1997) the resolution estimation by the minimum and maximum value of the linear 
dimensions of the smoothing area, obtained along two mutually perpendicular 
directions, is equivalent to the assumption that the effective smoothing area may be 
represented by an ellipse with two axes equal to (a + b) and (a - b), with the azimuth 
of the major axis being φ . The elongation, ε , of the smoothing area is estimated by 
the ratio of the difference between the maximum and minimum sizes of the area to its 
mean size ab /2=ε . If the elongation, ε , in a point is a small value, that is if the 
traces are oriented more or less uniformly along all direction, the resolution at the 
point may be characterized by the mean linear size, α , of the effective smoothing 
area. 
Similar to the plane case (Ditmar and Yanovskaya, 1987), a method for 
estimating the size of the averaging area is developed for the spherical case in order to 
derive the resolving power of the data set (Yanovskaya et al., 2003). 
The values of the parametersε  at the periods of 8 s, 30 s, 60 s, 90 s, 120 s and 
150 s are plotted in Fig. 2.2. They are represented in units of km, and are defined as 
the standard deviation at each model node. The average lateral resolution of the lateral 
heterogeneity is estimated to be about 200 km in most of Qinghai-Tibet Plateau, and 
degrades toward the adjacent areas at these periods. At long period there is reduction 
in resolution not only due to the decrease in the number of measurements, but also 
due to the relatively larger wavelengths. 
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T=8 s                                    T=30 s 
km km 
 
T=60 s                                   T=90 s 
km km
 
T=120 s                                  T=150 s 
Fig. 2.2 Resolving power of the data estimated as defined by the radius R of the averaging area 
for the periods of 8 s, 30 s, 60 s, 90 s, 120 s and 150 s. At the bottom of each map the scale of 
the resolution is presented. 
 
km km 
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2.3 Tomographic images of group velocity variation 
A 2-D surface-wave tomography method (Yanovskaya and Ditmar, 1990) is 
applied to calculate lateral variations in the group velocity distribution in the period 
range from 8 s to 150 s. The method does not require a priori parameterization. For 
each period, the group velocities as a function of the position (latitude and longitude) 
are obtained. In the procedure the travel time residuals are calculated along all paths 
while the solution for lateral velocity is obtained. To reduce the effect of large errors, 
the data with the residuals larger than 3×r.m.s are rejected, and the procedure of 
tomographic reconstruction is repeated. Such selection of the data is performed 
several times, until no large residuals remain in the data set. The numbers of data for 
each period before and after the selection, the initial and final r. m. s. residuals are 
listed in Table 2.1. 
 
Table 2.1 The number of profiles (initial and final), residuals (initial and final) and mean velocity 
for each period. 
Periods 
Number of 
initial profiles 
Number of 
final profiles  
Initial r.m.s. 
residual (s) 
final r.m.s. residual 
(s) 
Mean velocity 
(km/s) 
8 690 684 79.68 49.66 2.76 
9 693 688 79.60 49.81 2.75 
10 761 754 80.48 49.01 2.75 
12 769 765 77.35 46.83 2.74 
14 774 769 73.47 43.15 2.74 
16 776 770 70.21 39.29 2.74 
18 779 772 69.31 36.23 2.75 
20 789 777 71.77 33.14 2.76 
25 791 754 80.41 27.06 2.79 
30 788 760 88.28 27.90 2.83 
35 785 769 89.15 28.28 2.95 
40 776 759 86.21 26.40 3.02 
45 780 749 80.70 21.82 3.12 
50 775 752 73.36 20.19 3.24 
60 747 727 59.77 16.19 3.44 
70 735 719 49.16 13.60 3.59 
80 726 717 42.18 12.30 3.70 
90 717 706 39.51 11.56 3.74 
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Fig 2.3 Rayleigh wave group velocity tomography maps at the period range from 8 s to 150 
s. In each map the percent variation of the group velocity with respect to the mean velocity 
is plotted at the chosen period. The mean velocity is indicated, in the bottom of each map, 
by Mean Vg. 
100 712 701 39.19 11.50 3.75 
120 704 691 39.88 12.29 3.74 
150 668 658 39.56 12.54 3.73 
In the period range from 8 s to 150 s the tomographic maps for group velocity 
are shown in Fig. 2.3. In each map of Fig. 2.3, in the (x, y) point the percent deviation 
with respect to the mean group velocity Umean, calculated over the whole area at the 
fixed period specified in each map, is defined by the formula, 
T
mean
T yxU
yxUV
yxU
yxdU ⎟⎟⎠
⎞
⎜⎜⎝
⎛ −=⎟⎟⎠
⎞
⎜⎜⎝
⎛
),(
),(
),(
),(  
where x is longitude and y is altitude.  
 31
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=60s
%
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=70s
%
 
 
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=35s
%
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=50s
%
 
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=80s
%
TRM
QDM
ID
SC
JGR
YZ
HM
LS
QT
MBT
KL
YZS
BNS
JSJS
LMSF
QLF
RRF
BK
Balkhash Lake
Tian Shan
Mongolia
Pamir ATF
Period=90s
%
 
 
Fig 2.3 Rayleigh wave group velocity tomography maps at the period range from 8 s to 150 
s. In each map the percent variation of the group velocity with respect to the mean velocity 
is plotted at the chosen period. The mean velocity is indicated, in the bottom of each map, 
by Mean Vg. (continue) 
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Tomography maps at 8 s and 10 s. The tomography maps at the shortest periods 
show the main features of the major sedimentary deposits. The group velocities are 
much influenced by the shallow part of the crust. In the maps, the western 
Qinghai-Tibet Plateau, the Tarim Basin (TRM) and the Sichuan Basin (SC) show low 
velocity anomalies (-15% — -5% with respect to average) while the high velocity 
anomalies (5% — 15% with respect to average) lie in the regions of the eastern 
Qinghai-Tibet Plateau, the Qaidam Basin (QDM) and the Mongolia Plateau. Inside 
the Qinghai-Tibet Plateau two blocks can be recognized, divided by an NNW striking 
boundary that runs between 90ºE ~ 92ºE. Previous studies (Sun et al., 2004; Zhang et 
al., 2007) show a difference in the crust in the western Qinghai-Tibet Plateau with 
respect to its eastern part. A low velocity anomaly (~ -10%) also exists in the region 
around Balkhash Lake. Obvious low velocity anomalies (~ -15%) are seen in the Red 
River fault area and the Indo-Burma region. Mohan et al. (1992) showed for the 
Indo-Burma region low velocity (2.3 - 2.7 km/s) at the period of 15 s. In the Indian 
Plate the Ganges drainage area and the Indus drainage area are imaged by different 
velocity anomalies: high velocity in the former area (Gange) and low velocity in the 
latter area (Indus). The difference is explained by the different sedimentary thickness 
in the two drainage areas. The Tianshan orogenic belt, the Himalaya Mt. and Pamir 
region are marked by high velocity anomalies (~ 5%). A high velocity anomaly also 
exists in the Junggar Basin (JGB), the Turpan depression, the northeastern margin of 
the Tarim Basin (TRM) and the Qilian orogenic belt. 
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Fig 2.3 Rayleigh wave group velocity tomography maps in the period range from 8 s to 150 s. 
In each map the percent variation of the group velocity with respect to the mean velocity is 
plotted at the chosen period. The mean velocity is indicated, at the bottom of each map, by 
Mean Vg. (continue) 
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Tomography map at 16 s. A low velocity anomaly (~ - 5%) is seen in the western 
Qiangtang block (QT), the eastern Lhasa block (LS) and the Tarim Basin (TRM) as 
well. Yao et al. (2005) show low phase velocity anomaly in the Qinghai-Tibet Plateau, 
the Tarim Basin (TRM) and the Junggar Basin (JGR) at 20 s period, while at the 
period of 16 s the southern Qinghai- Tibet Plateau and the Junggar Basin (JGR) have 
high velocity anomaly (~7%) (Fig. 2.3). The reason of this difference may be the 
different resolutions, only 7o × 7o in the study by Yao et al. (2005). The 
conspicuous low velocity anomaly still covers the Red River fault area and 
Indo-Burma region. The negative anomaly of group velocity in the Indo-Burma 
region may be due to the presence of thick sediments. The region around Balkhash 
Lake also shows negative velocity anomaly (~ -5%), less than that in the maps of 8 s 
and 10 s. Also the Brahmaputra and Indus rivers drainage areas have low velocity 
anomaly (~ -5%). Compared to the regions with low velocity anomaly, the Ganges 
drainage area, Himalaya Mt., the Qaidam Basin (QDM), the Mongolia Plateau, the 
Tianshan orogenic belt, the Turpan despression, the northeastern margin of the Tarim 
Basin (TRM), the Qilian orogenic belt and Pamir region are all marked by high 
velocity anomalies (~ 10%). 
Tomography map at 25 s. The main low velocity anomaly occupies the whole 
Qinghai-Tibet Plateau. The Red River area and Indo-Burma region are also marked by 
low velocity anomaly, but the magnitude of the anomaly (~ 5%) is significantly less 
than that in the 8 s and 16 s maps. In the contrast to the low velocity anomaly in the 8 
s and 16 s maps the region around Balkhash Lake is marked by high velocity anomaly 
(~ 10%). The Tarim Basin (TRM), the Qaidam Basin (QDM) and the Sichuan Basin 
(SC) show low velocity anomaly (~ -5%), while high velocity anomaly (~ 7%) is 
seens in the Junggar Basin (JGR). The most clear low velocity anomaly is imaged in 
the western Qingtang block (QT) and Tengchong Volcano-Geothermal area. Based 
upon the deep seismic sounding (DSS) profiles (Wang and Gang, 2004) carried out in 
the Tengchong Volcano-Geothermal area, the crustal model shows that a low-velocity 
anomaly zone exists in the upper crust. South to the Qinghai-Tibet Plateau the Indian 
Plate is covered by high velocity anomaly (~ 5 - 15%). A large part of Mongolia still 
shows a high velocity anomaly (5 - 10%).  
Tomography maps at 35 s and 50 s. The most conspicuous low velocity anomaly 
appears in the Qinghai-Tibet Plateau, especially in the western Qiangtang block (QT). 
It is mainly due to the crustal thickness. In the maps the dominant feature is the 
northwest-southeast direction low velocity anomaly lying in the Qinghai-Tibet Plateau. 
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Many previous group and phase velocity tomography studies (Ritzwoller and Levshin, 
1998; Curtis et al., 1998; Yanovskaya et al., 2000; Zhu et al., 2002; Huang et al.; 2003; 
Yao et al., 2005) show similar character. This low velocity anomaly is due to the thick 
crust in the area. The results from surface wave and body wave tomography (Ding et 
al., 2002) show that there are remarkable low velocity zones in the lower crust and 
upper mantle of Qiangtang block (QT). Tianshan orogenic belt and Altyn Tagh fault 
area (ATF) are also covered by low velocity anomaly (~ - 5%). The Himalaya block 
(HM), the Ganges, the Indus and the Brahmaputra  rivers drainage areas show high 
velocity anomaly in the range from 5% to 15%. This high velocity anomaly appears in 
the map at 40 s of Yao et al. (2005), as well, with a low anomaly of about 6%. In 
contrast with the low velocity anomaly in the short period maps, a high velocity 
anomaly (5 - 15%) zone is observed in the Red River fault area and Indo-Burma 
region, due to a relatively thin crust and high velocity in the mantle lid. The high 
group velocity in the Indo-Burma region may be related to the subduction of the 
Indian lithosphere beneath the Burmese arc (Singh, 1999). The region around 
Balkhash Lake is covered by a high velocity anomaly (~ 10%), about twice the high 
velocity anomaly (5%) observed in the Mongolia Plateau. The Yangtze block (YZ), a 
typical stable craton, is also marked by high velocity anomaly of about 10%. A 1-D 
shear wave model from a joint inversion of phase and group dispersion (Li et al., 
2009), shows that the lower crust velocity perturbation is positive and about 2 - 3%, 
with respect to the AK135. The velocity anomaly (from -5 to - 10%) is different in the 
Junggar Basin (JGR), the Sichuan Basin (SC), the Tarim Basin (TRM) and the 
Qaidam Basin (QDM), and corresponds to the different crustal thickness in the 
different areas. The group velocity in the eastern and northern Tarim Basin (TRM) is 
higher than that in the central and southern Tarim Basin (TRM).  
Tomography maps at 35 s and 50 s. The obvious low velocity anomaly (~ -10%) 
still exists in the Qiangtang block (QT) and eastern Lhasa block (LS). The low 
velocity area extends towards southeast across the Xianshuihe fault. It is possible that 
beneath the Qinghai-Tibet Plateau the low velocity area is consistent with the flow of 
the crustal material as proposed in previous studies (Royden et al., 1997; Beaumont et 
al., 2001; Zhang et al., 2002; Tilmann et al., 2003; Sun et al., 2004; Searle et al., 2005; 
Godin et al., 2006; Zhang et al., 2007; Yang et al., 2009; Gao et al., 2009). Kunlun 
block (KL), Bayankla block (BK) and Songpan-Ganze block also are marked by a low 
velocity anomaly (~ -5%). In the south of the Qinghai-Tibet Plateau, a large scale high 
velocity anomaly (5 - 10%) is clearly seen in the Ganges, Indus and Brahmaputra 
 35
rivers drainage areas, indicating the presence of high velocity uppermost mantle (lid) 
in the area. The Junggar Basin (JGR), the Sichuan Basin (SC), the northern Tarim 
Basin (TRM) and the Qaidam Basin (QDM) show a high velocity anomaly of about 
5%. The Red River fault (RRF) area and Indo-Burma region also are covered by a 
high velocity anomaly zone.  
Tomography maps at 80 s and 90 s. The average Rayleigh wave group velocity 
reaches 3.70 km/s at the period of 80 s. In the 80 s and 90 s maps, the Qiangtang 
block (QT), the Lhasa block (LS), the Kunlun block (KL) and the Bayankla block 
(BK) are imaged by a low velocity anomaly (~ -5%) which is less than that visible in 
the short period maps. This feature shows a good resemblance to the results by Yao et 
al. (2005). It seems that a thick asthenosphere with low velocity lies under the 
Qinghai-Tibet Plateau. The Himalaya block (HM) is covered by a high velocity 
anomaly of about 5%, which indicates a relatively thin asthenosphere with high 
velocity beneath the southern plateau. In contrast to the anomaly in the 60 s and 70 s 
maps, the velocity anomaly is low (~ -5%) in the Red River fault area. A low velocity 
zone lies in the central Mongolia. The profiles of Huang et al. (2003) indicated that 
S-wave velocity in the upper mantle is lower in the central Mongolia than that in the 
eastern Mongolia. Along the Altay Mt. a low velocity anomaly (~ -5%) zone also 
appears. The negative velocity anomaly (~ -5%) in the southern and central Tarim 
Basin (TRM) is different from the positive velocity anomaly (~ 5%) in the 
northeastern basin, i.e. it seems that a relatively more rigid deep structure is present in 
the northeastern Tarim Basin (TRM). Another high velocity anomaly (~ 7%) is 
revealed in the area around the Balkhash Lake. The Indian Plate is mapped by a large 
scale high velocity anomaly of about 5%, which indicates that the asthenosphere is 
not developed there. 
Tomography maps at 100 s and 150 s. At the longest periods the most dominant 
feature is the NW-SE trending negative velocity anomaly (~ -3%) lying in the 
Qinghai-Tibet plateau, especially in the Qingtang block (QT) and the eastern Lhasa 
block (LS). Since the group velocity dispersion at these periods is most sensitive to 
the S-wave structure of the upper mantle, it indicates that the low velocity 
asthenosphere is relatively thick in the Qingtang block (QT) and Lhasa block (LS). 
The eastern Himalayan Syntaxes is still covered by a low velocity anomaly (~ -3%). 
The Sichuan Basin (SC) and the central Tarim Basin (TRM) are imaged by low 
velocity anomaly (~ -3%), as well. Moving to the east and southeast, a low velocity 
anomaly zone is located in correspondence of the Red River fault area, which is 
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consistent with the finding from travel time of P-wave that propagate anomalously 
slow in the upper mantle (Li et al., 2006, 2008). Also the Indo-Burma region is 
marked by low velocity anomaly (~ -5%). In the south of Himalaya Mt. the northern 
Indian Plate is marked by a high velocity anomaly (~ 3%). A clear positive velocity 
anomaly of about 5% is seen in the global map of 100 s and 150 s (Shapiro and 
Ritzwoller, 2002). The Himalaya Mt., Tianshan Mt. and Qilian Mt. are covered by a 
high velocity anomaly (~ 3%). In the long periods maps the velocity anomaly with the 
maximum absolute value is about 5%, not much larger than the value of the velocity 
anomaly in the maps of short and intermediate periods. The small anomaly in the long 
period is correlated to small lateral perturbation of the shear wave velocity in the 
upper mantle. 
The group velocity variations are not directly correlated with the features of the 
lithosphere-asthenosphere structure. Therefore this qualitative description will be 
followed by a detailed analysis of the velocity structure obtained inverting the local 
group velocity dispersion curves into vertical S-wave velocity profiles. 
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Chapter 3 Non-linear inversion of surface wave dispersion 
curve 
 After the estimation of the surface wave dispersion curves, an inversion method is 
used to obtain the Earth structure along a vertical profile, especially the seismic 
velocities ( Vs) and the thickness of layers. This chapter summarizes the basic 
concepts involved in the dispersion curve inversion. Linear and non-linear inversion 
methods are briefly reviewed. The principles of the “Hedgehog” random-deterministic 
search method (Knopoff, 1972; Panza, 1981) are described in detail because it has 
been chosen as the core of our dispersion curve inversion.  
3.1 Definition 
3.1.1 Forward problem  
 Given a description of a geophysical system, we can predict the outcome of some 
measurements based on geophysical theories. This problem of predicting the result of 
measurements is called the forward problem. For surface wave dispersion inversion, 
the forward problem can be written by 
 ( )F=Y M                                                  (3.1) 
where F(M) is a non-linear function of the model parameters M in model space，Y is 
a theoretical dispersion curve in observation space.  
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Fig. 3.1 Geometry of the layered, elastic half-space. Each layer is assumed to be isotropic, 
homogeneous and perfectly elastic. The i layer bounded above by the plane z=zi-1 and 
below by the plane z=zi, its thickness is di, its density is iρ . The iiii ρμλα /)2( += , 
iii ρμβ /= are compressional-wave velocity(Vp) and shear-wave velocity(Vs) in the 
layer.  
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The forward problem cannot be solved analytically. Equation (3.1) is done 
numerically with a discretization of model parameters M. The vertical profiles are 
discretized along the depth axis by a stack of layers with uniform properties as 
sketched by Fig. 3.1. The model parameters, M, are the depth (d), 
compressional-wave velocity (Vp), the shear-wave velocity (Vs), and the density (ρ) 
in the layers: 
 miisipii
m
ii VVdM .11 )},,,{(}{ == == ρM                                  (3.2) 
 Given an Earth model along a vertical profile, the theoretical dispersion curve can 
be calculated based on the eigenvalue problem described by Thomson (1950) and 
Haskell (1953), subsequently modified by Knopoff (1964), Dunkin (1965), Schwab et 
al. (1984) and Herrmann (1994). The theoretical dispersion curve is numerically 
represented by a vector of n components.  
 { } 1ni iY =Y＝                                              (3.3) 
 
 
3.1.2 Inverse problem  
The estimation of physical parameters of the Earth’s interior from the values of 
the field observed in some part of the medium is the inversion problem of geophysics 
(Fig. 3.2).  
The inverse problem consists in using the actual result of some measurements to 
infer the values of the parameters that characterize the geophysical system. For 
surface wave dispersion inversion, the inverse problem can be solved by minimizing 
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Fig. 3.2 Relation between model space M and observation space Y. 
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the objective function 
( )o oFΔ = − = −Y Y Y M Y                                        (3.4) 
where oY  is an observed dispersion curve in the data space. Based on equation 
(3.4), the dispersion curve is inverted to obtain a 1D vertical cross-section. The 
objective function describes a measure of the difference between observed and 
synthetic data that varies as a function of model parameters. The inverse problem can 
be considered as the construction of an inverse operator F-1 transforming the Y into 
M.  
)(1 YM −= F                                                   (3.5) 
Transformation from the M (in model space) into Y (in observation space) is 
always single-valued, whereas the inverse transformation is in general multi-valued. 
A goal of geophysical inversion is to identify all models which give an 
acceptable misfit between computed and observed data. However, because of the 
complexity of Earth structure, the non-linearity of physical processes in the Earth, and 
the insufficiency of geophysical data, many geophysical inverse problems may have a 
large number of distinct, acceptable solutions. In terms of the misfit function, a 
measure of the difference between of solution parameters, this goal of inversion is to 
identify all regions of the misfit surface with values below an acceptable level. In fact, 
the minimum of equation (3.4) is searched across the model space in different 
inversion methods.  
3.2 Inversion methods 
At present two kinds of inversion approaches are used mainly. One is “linearized 
inversion”, another is “fully non-linear inversion” or “direct search method”. The first 
includes gradient method and Newton method, etc. The second includes 
trial-and-error techniques, Monte Carlo method, simulated annealing method, 
Hedgehog method, etc. Direct search methods tend to converge more slowly, but can 
be more tolerant to the presence of noise in the function and constraints. 
3.2.1 Linearized inversion 
The inversion of the dispersion curve, which gives Vs (and Vp) versus depth, is 
usually performed by iterative linear algorithms initiated by a starting model (Backus 
and Gilbert, 1968, 1970; Herrmann, 1987). The linearized inversion is essentially 
based on the iterative procedure of refining the Earth model by small disturbances of a 
priori known Earth structure. 
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That is, the forward function is approximated with its first-order Taylor 
expansion about some reference model; a solution of the resulting linear inverse 
problem is computed; the solution is then taken as a new reference model, and the 
process is repeated. Such schemes are generally some form of Newton’s method. 
When run to convergence, they minimize an objective function over the space of 
models and produce an optimal solution of the non-linear inverse problem.  
The forward problem can be linearized around Mprior.  
( ) ( ) ( )prior priorF F G= ≈ + −Y M M M M                          (3.6) 
where G are the partial derivatives taken at the convergence point Mprior. 
( ) ( ) ( )o prior priorF F GΔ = − = − + −Y M Y M Y M M                  (3.7) 
( ) ( )prior priorF G− = −Y M M M                                 (3.8) 
The iterative algorithm follows. 
0
priorM M＝  
for k=0,…..      
k kGΔ = ΔY M         
1 ×k k kμ+ + ΔM M M＝  
μ is an ad hoc parameter defining the size of the jump to be performed, small 
enough to avoid divergence of the algorithm and large enough to allow the algorithm 
to actually advance towards convergence. At each iteration, a better estimate of the 
model is calculated by linearizing the problem and the best solution, minimizing a 
misfit function, is obtained after a few iterations. 
The linear inversion method is mostly used for high dimensional parameter 
spaces for their ability to quickly converge to the solution. Starting from a first 
estimation of the model parameters or from whatever appropriate model, the iterative 
method converges to the minimum of the objective function by modifying the current 
model according to the local properties of function. In the case of Newton-Raphson, 
damped least-square or gradient methods, the partial derivatives or the Jacobian 
matrix at the current model orientates the descent towards the solution (Nolet, 1981; 
Tarantola, 1987; Herrmann, 1994). Calculating the partial derivatives allows a 
linearization of the problem and linear algebra is used to calculate a new estimate of 
the solution. The process is repeated through several iterations until finding an 
acceptable minimum. 
 41
However, the exploration of the parameter space is limited to the path followed 
during the successive iterations. This kind of inversion leads to one optimal solution, 
strongly influenced by the starting model and which could be a local minimum of the 
misfit function. It requires knowledge of an adequate starting solution, and that 
perturbations of the model are linearly related to changes in the data (Aki and 
Richards, 1980). Also, only a single final solution is identified, and, in general, this 
solution will be in the neighbourhood of and strongly dependent on the location of the 
starting model. Thus these methods are inherently unable to define the exact model of 
a complicated misfit function over a large solution-space. 
 
3.2.2 Non-linear inversion 
The linearized method is then inadequate when the nonlinearity becomes severe. 
With the increasing availability of computer power, non-linear inversion techniques 
are being increasingly used. 
The Monte Carlo method is a typical non-linear inversion method in simulating 
physical and mathematical system. In the 1940s, the method was used by physicists 
working on nuclear weapon projects in the Los Alamos National Laboratory. It 
consists in repeated random sampling to compute the misfit function. The sampling is 
simple and involves only model selection and forward modelling. The objective of 
these methods is to seek a model with a globally optimal data misfit value.  
When the number of model parameters increases, the basic random generation of 
models becomes totally inefficient. So several refined approaches were developed 
during the last two decades, for instance the simulated annealing (Rothman, 1985; Sen 
et al., 1991) and the genetic algorithms (Stoffa et al., 1991; Lomax et al., 1995; 
Boschetti et al., 1996; Yamanaka et al., 1996). Also Sambridge (1999) devised 
neighbourhood algorithm for inverting dispersion curves. There are also many 
variants of these methods, combining them with neural networks or with gradient 
methods (Chunduru et al., 1996; Devilee, 1999; Boschetti et al., 2001). These 
methods and their variants usually need empirical tuning of several parameters that 
control the inversion process, ensuring computational efficiency and robustness 
against entrapment in local minima, but conditioning to some extent the result of 
inversion. 
These non-linear methods require several tuning parameters to control the 
balance between a quick convergence to a minimum of the misfit function and slow 
investigation of nearly all local minima to find the global one or identify equivalent 
minima. They can be configured to balance convergent and random processes to find 
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large sets of solutions that span the acceptable regions of complicated misfit function. 
The efficiency of such a method depends on how well the procedure is able to use the 
models generated so far to orient the search to the optimum regions of the parameter 
space. In the case of strong non-uniqueness, these methods can seek for nearly all 
possible solutions and not only one, and this needs to define some criteria for 
selecting a unique solution. The random, trial-and-error, enumerative or grid-search 
techniques are applicable to problems with complex misfit function because these 
methods work directly with non-linear forward calculations and require no gradient 
information. Also they allow a large solution-space to be explored and produce 
multiple solutions. 
The inversion of dispersion curves is known to be strongly non-linear and is 
affected by non-uniqueness, i.e. various models may explain the same data set with an 
equal misfit. Linearized methods behave poorly in such contexts. With the increasing 
power of modern computers, its ability to explore all the possible solutions is a strong 
advantage over linearized methods for complex and sometimes poorly constrained 
geophysical problems. 
In order to better investigate the parameter space, Panza (1981) proposed the use 
of the direct search algorithm called “hedgehog” to invert the dispersion curve with a 
limited number of layers, defined accordingly with the resolving power of the data to 
be inverted. Considering the misfit ranked set of inversion results, it is additionally 
possible to judge model uncertainties by this inversion approach. Though the method 
is computational expensive, it can work efficiently and obtain a set of acceptable 
solutions when the volume of model space searched is not very large.  
3.3 Hedgehog method 
 After constructing the surface wave tomography, the non-linear inversion of 
dispersion curves is performed to obtain shear wave velocity-depth models of the 
crust and upper mantle. 
In the method the unknown Earth model is replaced by a set of parameters so the 
determination of the model is reduced to the determination of the numerical values of 
the parameters. For each cellular model, theoretical values are computed by 
comparison with observed data and the discrepancy between the computed data and 
the real ones is calculated. The problem, searching for fitting the observational data 
among a predetermined set of possible Earth models, is reduced to find the zone of 
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minimum of multidimensional function in the space of unknown parameters of the 
cross-section (Panza, 1981). 
The non-linear Hedgehog method ( Knopoff, 1972; Panza, 1981) is applied in 
several studies (Chimera et al., 2003; Gonzalez et al., 2007; Guidarelli et al., 2002; 
Karagianni et al., 2002; Natele et al., 2005; Panza et al., 2004, 2007; Pontevivo et al., 
2002; Raykova et al., 2006; Vuan et al., 2005) to invert the regional Earth structure 
from group velocity dispersions. The Hedgehog method is a flexible and powerful 
inversion method for inversion problems with a reduced number of unknowns. Its 
procedure represents a Monte Carlo search optimized by the use of a guide method 
that remembers the results of the trials already made, to fine the velocity vs depth 
models consistent with the dispersion curves in a fully non-linear form. If the root 
mean square error of the entire data set is less than a value defined a priori on the base 
of quality of the data and if, at each frequency, no individual computed velocity 
differs from its experimental counterpart by more than an assigned error, depending 
upon the quality of measurements, the model is accepted as a solution. 
Contrary to any linearized inversion, the solutions retrieved in this non-linear 
inversion are independent from the initial guess. The optimization consists in the fact 
that Hedgehog technique uses guided methods for the search of the minimum, while 
in the traditional Monte Carlo method the results of trial, already achieved for one 
step, are not taken into account in the next trial. 
To solve the inverse problem, the structural model has to be replaced by a finite 
number of numerical parameters. There are three kinds of parameters, fixed, 
independent and dependent in the parametric set. In the elastic approximation, the 
unknown Earth model is divided into a stack of homogeneous isotropic layers (Fig. 
3.1). Each layer is defined by a number of physical functions: shear-wave velocity 
and thickness of the layers (independent parameters), compressional-wave velocity 
(dependent parameter) and density (fixed parameter), since P-wave velocity Vp and 
density ρ affect the Rayleigh wave dispersion curves much less than S-wave velocity 
Vs. The velocity structures are parameterized with P-wave velocity, S-wave velocity, 
thickness and Vp/Vs at each layer (Table 3.1). Fixed parameters are held constant 
during the inversion, accordingly with relevant geophysical evidences (Griot et al., 
1998; Hirn et al., 1997; Mohan et al., 1992; Teng et al., 1994, 1997; Wittlinger et al., 
1996; Yao et al., 2005; Zeng et al., 2000; Zhao et al., 1993; Zhang et al., 2007; Zhu et 
al., 2004). Independent parameters are those for which acceptable models are sought 
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by the inversion, taking into account the partial derivative of group velocity. 
Dependent parameters maintain a fixed relationship with the independent ones. 
 
Table 3.1 Parameterization used in the cellular non-linear inversion. 
 
Parameters Central value 
Minimum of 
parameter 
Step 
Maximum of 
parameter 
P1 P1mid P1min P1step P1max 
P2 P2mid P2min P2step P2max 
… … … … … 
Pj Pjmid Pjmin Pjstep Pjmax 
… … … … … 
Pn Pnmid Pnmin Pnstep Pnmax 
 
Parameters (P1, P2, …, Pj, …, Pn ): Vs, Vp/Vs and thickness at each layers.  
 
 
The depth resolution of our data set is determined by the partial derivatives 
(Urban et al., 1993) of the dispersion curves of the Rayleigh wave fundamental mode 
with respect to the shear wave velocity at different periods. The calculations show that 
the vertical resolution of the considered dispersion measurements is consistent with 
the step jPδ  and extends to depths of about 350km.  
As a direct search method, the method should generate random models into a 
bounded parameter space. Each parameter to be inverted is specified to vary within a 
particular range, with upper (Pjmax) and lower (Pjmin) bounds. For a given model, a set 
of theoretical values are computed with the Knopoff method (Schwab, 1970; Schwab 
and Knopoff, 1970, 1972; Knopoff, 1972; Schwab et al., 1984). Starting from the 
largest period, the theoretical group velocity is computed and compared with the 
observed value. If the difference lies in the single point error the inversion proceeds to 
test the next shorter period and so on. If the test fails at the individual period, the 
model is rejected and a new model in the neighbourhood of the previous one is tested. 
If the test is successful at all periods of the dispersion curve and the root mean square 
error (r. m. s) of the entire data set is less than a value defined a priori on the base of 
the quality of the data, the model is accepted as a solution. Exploring the parameter’s 
space, an ensemble of acceptable models compatible with the dispersion data is 
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Fig 3.3 Partial derivatives of the group velocity of Rayleigh waves with respect to shear wave 
velocity of the fundamental mode at 8 s, 16 s, 25 s, 50 s 100 s and 150 s for structure (right). The 
partial derivatives are normalized with respect to the layer thickness. 
produced.  
 
 
 
3.4 The resolving power 
The choice of the parameters and of their ranges of variability has to be related to 
the description of the data variances in the M-dimensional parameter space. Therefore 
the partial derivatives of the dispersion curves with respect to the considered 
parameter (Urban et al., 1993) have to be calculated at all periods of the experimental 
data. The resolving power which is quantified by the partial derivatives controls the 
suitable steps that are used in the inversion. The following formulation is given by 
Panza (1981). 
Starting from a known geophysical structural model, the group (U(Ti)) velocity 
dispersion curves are calculated for each selected period Ti where i = 1, …, N. The 
velocities are assumed to have standard deviations )( iu Tσ . A description of model 
variances corresponding to the data variances in the M-dimensional parameter space 
is particularly complex. To simplify the task, calculating the partial derivatives of the 
dispersion curves, it is possible to use the M diagonal elements of the model error 
matrix: 
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which are the intercepts of the solution ellipsoid with the parameter axes Pj. Where Ti 
is period, )( iTσ is measurement error of the group velocity at period of Ti. Pj is the 
considered parameter. 
If parameter Pj is allowed to vary by an amount δPj from its starting value, while 
the others are held fixed at a starting value, then the r. m. s. difference between the 
exact result and the model result is: 
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which can be set equal to the pre-assigned value uσ . The δPj is the step associated to 
parameter Pj . 
The quantities given by (3.9) are the standard deviations in the parameters Pj for 
the cases in which all the other parameters Pi (i ≠ j) are kept fixed at their starting 
values. Thus, the tabulation of the items (3.9) gives some rough information regarding 
resolution of the parameters Pj by the data set, and the quantities (3.9) can be called 
the resolution. 
It follows that the proper use of the results given by (3.9) is their application as 
guiding criteria in the structure parameterization to be used with the Hedgehog 
inversion procedure. 
Panza (1981) pointed out that in most typical uses of least square criteria, the 
addition of irrelevant data to a data set weakens the quality of a parametric fit. 
Therefore, considering the problem of searching for the most suitable data set for the 
determination of any given model parameter, if it is correct that the inclusion of too 
much data is deleterious to the problem of optimizing resolution, then the problem of 
finding the proper subset of data can be approached rejecting those data which make 
the largest contributions to the estimate of (3.9). The maximum resolution for a given 
model parameter Pj is achieved by retaining only the datum U(Ti) that satisfy the 
condition 
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This criterion is valid only if all the parameters, except the selected datum, are 
held fixed and known during the exploration for the optimum value of the parameter. 
But, since none of the parameters is known, we must take into account the feature that 
the partial derivative curves often have large wings remote from the peaks, then the 
parameters, as a rule, are not linearly independent. When two parameters are not 
independent, the resolution of each is poorer than the values obtained by (3.11) and 
the full problem requires the determination of the period for which the quantities δPj 
are minima subject to the condition: 
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In applying the Hedgehog inversion procedure, the parameterization for the 
inversion is defined so that the parameter steps are minima, subject to the condition 
(3.12). In this way each parameter step represents a satisfactory measure of the 
uncertainty affecting each parameter, since all the solutions of the Hedgehog inversion 
differ by no more than ±δPj from each other.  
During model selection a priori constraints typically define the region of model space to be 
searched and are imposed explicitly. The model can be over-parametrized which may be desired 
to assess how trade-offs between different types of structures affect the range of acceptable 
models. The resulting uncertainties may be what the modeler really wants. They summarize the 
range of models that will fit the data and incorporate the modeller’s prejudices. 
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Chapter 4 Optimization of the results of non-linear inversion 
4.1 Choice of the representative model 
Employing the non-linear inversion method (Hedgehog) shear wave 
velocity-depth models of the crust and upper mantle are retrieved from the cellular 
dispersion curves. Since the Hedgehog is a non-linear procedure, is multi-valued, i.e., 
a set of equally probable solutions is accepted. In order to summarize and define the 
geological meaning of the results, it is often necessary to identify a representative 
model. 
There are two typical approaches: the first one consists in choosing the ‘Median 
Model’ of all the solution (Shapiro and Ritzwoller, 2002) as the representative model; 
with the second approach the model chosen is the model characterized by the 
minimum r. m. s.. With the minimum r. m. s. the solution is the most affected by the 
presence of possible systematic errors. In order to reduce the projection of possible 
systemic errors in the structural model, among all the solutions we can select that with 
the r. m. s closest to the average r. m. s. for all the solutions. 
One motivation for seeking smooth global models is that we want to avoid the 
introduction of heterogeneities that can eventually arise from a subjective choice. In 
fact some of the models obtained in each cell could be solutions only for the 
mathematical problem, with little relation to the geophysical problem under study.  
When a three-dimensional velocity model is constructed for all region, starting from 
the cellular-shaped models, the presence of a lateral boundary condition is not 
consistent with the basic theoretical assumption. Hence the choice of the smoothest 
solution is needed to keep the final result as close as possible to the condition of 
validity of the used surface wave propagation theory. 
In the studied domain some criteria (Panza, 2007) can be used to minimize the 
lateral velocity gradient. (1) The GFO (Global Flatness Optimization). It individuates 
the optimized global solution of the inverse problem with respect to the flatness 
criterion, i.e. it individuates, for each cell, the solution, which gives the smoothest 
shape by calculating all possible combinations between all solutions of all the cells 
covering the domain Ω. Let define the set of all global combinations by G(Ω). (2) The 
LSO (Local Smoothness Optimization). Optimized local solution of the inverse 
problem is the one that is obtained considering, cell-by-cell, the neighbours only of 
the selected cell and fixing the solution as the one that minimizes the lateral velocity 
gradient between such neighbours. Starting from the search of the representative 
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solution in one cell (called starting cell) we look for the representative solution in all 
the other cells of the studied domain Ω, following the criteria of maximum local 
smoothness, i.e. between neighbouring cells. (3) The GSO (Global Smoothness 
Optimization). It is based on the idea of close neighbours, extended to the whole 
domain in study. The method consists of two steps: the first one is to extract a subset 
Γ(Ω) of G(Ω) such that Γ(Ω) contains all global combinations with close 
neighbouring components along an entire row or column; the second one is to 
minimize the lateral velocity gradient in between contiguous subsets Γ(Ω), following 
the criteria of maximum smoothness as in the case of LSO method. 
4.2 The LSO optimization algorithm 
Let us subdivide the studied domain, Ω, with a rectangular-shaped grid GNM with 
N rows and M columns. In terms of mathematics GNM is an N×M matrix, so we use 
both “grid” and “matrix” meaning the same object. In case Ω is odd-shaped the same 
notation convention is kept for convenience and the presence of empty cells is 
allowed. 
Let us call n the dimension of the model vectors (i.e. n is the number of layers in 
each cell). 
Definition 1: Let w, v∈ R n be the solutions of the inverse problem in two 
neighbouring cells (i.e. cells with a side in common). 
The distance between w and v, or the divergence of w and v, is the standard Euclidean 
norm:  ( )
1/2n
1i
2
ii vwvw ⎟⎟⎠
⎞
⎜⎜⎝
⎛ −=− ∑
=
  
where wi and vi are the components of w and v, respectively.  
 
 
 ui ,j-1  
ui-1,j ui,j ui+1,j 
 ui ,j+1  
 
Fig 4.1: Representatives of solutions in cell δij and its neighbours 
Definition 2: Let δi,j be one cell from the grid covering Ω. By k j,iu  we denote the k th 
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solution of the inverse problem in the cell δi,j. The notation ui,j is used in case that 
k
j,iu  belongs to the set of the solutions in the cell δi,j, since the exact order number k 
of the solution is not important. 
Definition 3: The set  
 ul(i,j) = {ui,j, ui,j+1, uij-1, ui+1,j, ui-1,j ; i = 1 …. N, j = 1 …..M} 
is called local combination associated to one cell δi,j. We take one representative 
solution of the cell δi,j  and one representative solution for each of its neighbours and 
we compose ul as the union of these representatives. 
The LSO algorithm is described in the following three steps: (1) the data 
pre-processing in which the different layering of the models of each cell and, 
therefore, of the whole domain is considered;(2) the choice of the starting cell 
between all the cells of the domain;(3) the optimization algorithm in which the final 
method is described and some definition are given. 
 
Choice of the starting cell (SC) 
   LSO depends strongly on the choice of the starting cell (SC). A valid criterion 
would be to choose the central cell of the study area where the resolving power is 
better. Also we may choose the SC following any “a priori” geophysical or geological 
information. Lacking the conditions, we need some discriminant parameter guiding 
user to an objective choice. 
   Let be w, v in Rn two solution of the inversion problem. The divergence between 
w and v is the usual Euclidean norm: 
2/1
1
2)( ⎟⎠
⎞⎜⎝
⎛ −=− ∑
=
n
i
ii vwvw  
where wi and vi are the components of w and v respectively. 
 According to the definition of divergence, the distance between two distinct 
solutions for same cell will be 
2/1
1
2
2121 )( ⎟⎠
⎞⎜⎝
⎛ −=−= ∑
=
n
i
kk VVVVd  
    For each cell, we calculate the distance between each possible couple of 
solutions and the mean value of all distance as representative of each cell. The 
parameter is the searched discriminant. Therefore we can choose as SC the one with 
lowest mean value. 
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4.3 Application in the western 
Qinghai-Tibet Plateau 
The western Qinghai-Tibet Plateau 
is to the west of 90°E-92°E of the 
plateau. In the figures of the group 
velocity distribution the most 
conspicuous low velocity anomaly appears 
in this area. The region is covered by a set 
of cell with a dimension of two degree, as is 
shown in Fig. 4.2. A set of solutions has 
been obtained in each cell by Hedgehog inversion (Fig. 4.3).  
Fig.4.3 The set of accepted solution (black lines) obtained with the Hedgehog non-linear 
inversion of the dispersion curve for each considered cell in Fig. 4.2. The grey area represents the 
parameter’s space explored during the inversion process. 
Fig. 4.2 Plot of the considered cells in west 
Qinghai-Tibet Plateau. Each black dot 
corresponds to the centre of the 2º×2º. The 
blue rectangles present the cells. The white 
lines denote the main geo-lines in this area. 
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The velocity structures for the study area obtained with the LSO, considering 
different starting cell (SC) are shown in Fig. 4.4(a), (b). The starting cell (SC) (36oN, 
78oE) is chosen since it has the smallest divergence among all cells, while the SC 
(34oN, 82oE) is considered the one with best resolving power and previous 
geophysical information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.4 Lithosphere-asthenosphere system for the western Qinghai-Tibet Plateau as a mosaic of 
one-dimensional cellular models. The structural models are chosen by LSO for each cell in Fig. 
4.2. The starting cell (SC) is the cell (36oN, 78oE) in (a), the cell (34oN, 82oE) in (b). The models 
are represented in the depth range 0-350km and the ranges of variability of the inverted layer’s 
thickness are shown as shadowed areas.  
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G04 G05 G06 G07 G08 G09
F05 F06 F07 F08 F09 F10
                                       (b) 
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In this area the Moho depth varies from 50 km to 80 km with shear wave 
velocity from 3.60 km/s-3.9 km/s (lower crust) to 4.2 km/s - 4.8 km/s (uppermost 
mantle). The depth where S-wave velocity begins to reduce is considered as the 
bottom of the lithosphere. The lithospheric thickness is about 130 km in the Qingtang 
block (cells G06, G07 and G08). Near Hindu Kush, the high seismicity region (cells 
H03 and H04) the Moho overlies a very thick lid with a velocity of about 4.50 km/s. 
The LSO algorithm depends strongly on the choice of the starting cell (SC). In 
cells H03, H04, G06, G07, F08 (Fig. 4.4 (b)), there is conspicuous low velocity 
anomaly in the upper mantle, not so obvious in Fig. 4.4 (a). In Fig 4.4 (b) the cells 
H03 and H04 have thicker asthenosphere ( ~ 180 km) than in Fig. 4.4(a). In Fig 4.4 (a) 
in the cell G08 the lithosphere is about 150 km, while the lithospheric thickness is 
approximately 130 km in Fig. 4.4 (b). There is relatively thicker asthenosphere in cell 
G07 in Fig. 4.4 (b) than in Fig. 4.4 (a). In cell H07 a lid with a Vs of about 4.55 km/s 
below the Moho is seen in Fig. 4.4 (b) while a higher velocity lid with Vs of about 
4.70 km/s is seen in Fig. 4.4 (a). Nevertheless the general picture seen in Fig. 4.4 (a) 
and 4.4 (b) are consistent, since the mentioned variations are comparable with the 
model uncertainties. 
The use of LSO method can avoid the introduction of heterogeneities that can 
eventually arise from a subjective choice. The shallow and deep structures in the 
Qinghai-Tibet Plateau and its vicinity are very complicated. Considering the whole 
study area, some important characters could be lost. It may be appropriate to define 
representative cellular models by applying the LSO method in local domains based on 
some tectonic regionalization. 
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Chapter 5 Regionalization  
5.1 Considered cells 
Using the surface wave tomography method (Yanovskaya and Ditmar, 1990) the 
lateral variations in group velocity distribution at different periods in the range from 8 
s to 150 s are estimated. The average lateral resolution is about 200 km in most of the 
Qinghai-Tibet Plateau and its adjacent areas, therefore the tomographic maps are 
discretized in cells of 2º×2º and for each of them, cellular dispersion curves are 
determined. The 181 cells considered in the study area are shown in Fig. 5.1. The 
region comprises the Qinghai-Tibet Plateau, the Pamir Plateau, partial Mongolia 
Plateau, the Tarim Basin (TRM), the Sichuan Basin (SC), the Qaidam Basin (QDM), 
Altyn Tagh, Tianshan and Altay orogenic belts and part of the Indian subcontinent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.1 the considered local dispersion curves (blue curves) for group velocity derived from 
tomographic maps. The yellow rectangles are the cells to be inverted. The background represents 
the resolving power of data estimated by the radius R of the averaging area for the period of 30 s. 
 
Resolution (km) 
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5.2 Regionalization in the study area 
The visual inspection shows the presence of regions with an approximately 
similar dispersion curve. To spatially delimit such regions, the dispersion curves are 
processed using an extension of the non-supervised logical-combinatorial algorithms 
included in PROGNOSIS system (Ruiz et al., 1992; Pico et al., 1999). 
The grid point number i is the object Oi. The value of the group velocity at 
different periods is described in terms of the variables Gt(Oi ), t=1,…, n. In our case n 
is 21. 
Let Ct be the comparison criterion between two objects for the variable v, defined 
as: 
⎩⎨
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where tε  is the permitted difference between the values of t.  
Let the S (Oi,Oj) be the similarity function between the objects Oi and Oj. Two 
objects Oi and Oj are β -similar, if and only if S (Oi,Oj ) β≥ , where β , the level of 
the classification , is between 0 and 1. The similarity between objects is calculated by 
the formula: 
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Where pt is the informative weight of the variable t. It varies between 0 and 1. There 
are different weight values for the each period. 
From a priori geological assumption, the 181 cellular dispersion curves are 
grouped with a similarity level β =0.50. As the result of the process, 12 local regions 
(Fig. 5.2) and 12 groups of dispersion curves (Fig. 5.3) are obtained under the 
conditions of similarity. 
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Considering the group velocities jUϕ (j=1, 2…, M; with M the number of cells in 
the region) of the ϕ -cell, the mean group velocity for the Φ -group, ΦU , and its 
standard Φσ , at the period Ti are calculated as follows: 
∑ =Φ = Mj iji TUMTU 1 ))(/1(/)( ϕ  , ∑ = ΦΦ −= Mj iijj MTUTUT 1 2 /))()(()( ϕσ . 
The twelve local regions can be easily correlated with the main tectonic features 
in the study area. Region I with the Burmese arc lies on the eastern margin of the 
Indian Plate, is marked by the Indo-Burman mountain ranges. Region II is in the Red 
river zone and the Sichuan Basin (SC). Region III is mostly located in the eastern 
margin of the Qinghai-Tibet Plateau. South to the Qinghai-Tibet Plateau, the north 
Indian Plate is in the region IV. Region V, in the Himalayan zone has complicated 
shallow and deep structure. Region VI is mainly in the eastern Qinghai-Tibet Plateau. 
Region VII covers the central Qinghai-Tibet Plateau. In region VIII, the Hindu Kush 
and Pamir seismic region, is characterized by the highest concentration of 
 
Fig. 5.2 The 181 considered cells with dispersion curves regionalized in the study area. 12 
sub-regions are identified by Roman numerals. The blue curves in each considered cells are 
local group velocity curves. The yellow lines denote the mail sutures and faults. 
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intermediate-depth seismicity in the world. To the northeast of the Qinghai-Tibet 
Plateau, the Qaidam Basin (QDM) is in the region IX. Region X and XI comprise the 
Tarim Basin (TRM) and Tianshan orogenic belt. To the southwest of the Mongolia 
Plateau, there is the region XII. 
 
 
5.3 The main features of the 12 regions 
The average Rayleigh wave group velocity curve of each region is used to 
perform the non-linear inversion with Hedgehog method to obtain shear wave 
velocity-depth models of the crust and upper mantle. In the elastic approximation, the 
structure is modeled as a stack of N homogeneous isotropic layers, each one defined 
by compressional and shear wave velocities, thickness and density. For each structural 
model, group velocity curves are computed and if, at each period, the difference, idΔ , 
between the computed and the experimental values, is less than the measurement error 
(the error bars shown in the Fig. 5.3), and if the r. m. s. of the difference is less than a 
chosen fraction of the average the error values, the model is accepted. In such a way a 
set of accepted solution is defined (see Fig. 5.4). For the choice of the 
parameterization and of the ranges of variability of the velocity and thickness 
parameters, the resolving power of data (Panza, 1981) is taken into account. The 
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Region I Region II Region III Region IV
Region V Region VI Region VII Region VIII
Region IX Region X Region XI Region XII
Fig. 5.3 The twelve groups of dispersion curve are obtained by the classification of dispersion 
curves with a similarity level β =0.50; For each region the bars of the two standard deviation at 
each period are shown. The red lines represent the mean dispersion curves of each group. 
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shear-wave velocity models versus depth resulting from the inversion are shown in 
Fig. 5.4. Since the dispersion curves that have been inverted are the results of 
averaging among different cells, from the set of retrieved solutions, the representative 
models (thick red lines) have been chosen by considering the minimum r. m. s. and 
previous geophysical and geological information in the study area. 
 
Figure 5.4 A set of accepted solutions (thin black lines), obtained from the non-linear inversion 
(Hedgehog method) of the representative average dispersion curves (see Fig 5.3), for twelve local 
regions. For each region, a representative structural solution is plotted as thick red line. The grey 
areas represent the parameter’s spaces explored during the inversion process.  
 
Region I lies at the eastern margin of the Indian plate, marked by the 
Indo-Burman mountain ranges. The Burmese arc is a unique region where thrust type 
focal mechanisms occur exclusively below 90 km depth, segregated from the 
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strike-slip type mechanisms (Rao et al., 2003). The crust is thickening, coupled with 
NS compression. In Region I, the average crustal thickness is about 44 km. The 
lithosphere reaches a depth of about 165 km. At the bottom of the lithosphere the 
asthenosphere, with Vs of about 4.45 km/s, reaches a depth of about 265 km. 
In Region II, the shear wave velocity increases from 3.55 km/s to 4.05 km/s at 
the depth of about 41 km. The lithosphere, with a lid with Vs around 4.30 km/s 
reaches a depth of about 160 km. At the bottom of the lithosphere a quite low velocity 
asthenosphere, with Vs around 4.25 km/s, reaches a depth of about 225 km. 
Songpan-Ganze Block, is located at the northeastern margin of the Qinghai-Tibet 
Plateau. The seismic refraction profile along Darlag – Lanzhou - Jingbian shows that 
the crustal thickness increases from 42 km in the stable Ordos Basin to 63 km in the 
Songpan - Ganzi block (Liu et al., 2006). To the south of the block, there is the 
Tengchong volcano-geothermal area. The deep seismic sounding (DSS) profiles 
(Wang and Gang, 2004) shows that a low-velocity anomaly zone exists in the upper 
crust and the averaged depth of Mohorovicic discontinuity is about 40 km. In Region 
III the average Mohorovicic discontinuity reaches to the depth of about 60 km. The 
lithospheric thickness is about 165 km. The asthenosphere, with Vs of about 4.45 km/s, 
reaches a depth of about 270 km. 
South to the Qinghai-Tibet Plateau, the north Indian Plate is in the region IV. 
Jagadeesh and Rai (2007) inferred that the Mohorovicic depth varies between 33 km 
and 43 km and the upper part of the lithosphere has shear velocity of about 4.52 km/s. 
Rayleigh wave group velocities (Mohan et al., 1997) also indicate an upper mantle 
with high velocity (4.4 - 4.6 km/s). In the region the average shear wave velocity 
increases from 3.70 km/s to 4.25 km/s at the depth of about 32 km. The lithosphere 
reaches a depth of about 170 km and the uppermost mantle has average Vs of about 
4.65 km/s. 
The region V, in the Himalayan zone, has a complicated shallow and deep 
structure. Teng et al. (1994) shows that the upper mantle of the Indian Plate was 
wedged into the lower crust of the Qinghai-Tibet Plateau toward north, resulting in 
huge shear nappe structure in the zone. Seismological evidences indicate that the 
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thrust faults in Himalaya and southern Tibet extend to a depth of 80 km to 100 km 
(Zeng et al., 2000). The average model of region V shows that the crustal thickness is 
about 62 km, the lithospheric thickness bout 150 km, with fast lid (Vs ~ 4.65 km/s). 
The deep structure of the eastern Qinghai-Tibet Plateau (region VI), to the east of 
90°E, is different from that of the western plateau. Surface wave tomography (Sun et 
al., 2004) shows that in the eastern Qinghai-Tibet Plateau the lithosphere is thicker 
than in the west. The crust is double-thickened with Moho depth estimates of >70 km 
(INDEPTH). In Region VI the Moho reaches to the depth of about 80 km. It has a 
relatively thin lithosphere (~155 km) overlying an asthenosphere about 130 km thick. 
The region VII covers the central and western Qinghai-Tibet Plateau. The results 
from surface wave and body wave tomography (Ding et al., 2002) show that there are 
remarkable low velocity zones in the upper crust of Lhasa block (LS) and in the lower 
crust and upper mantle of Qiangtang block (QT). The tomographic results (Yao et al., 
2005) corroborate a prominent low-velocity anomaly lying mainly in the lower crust 
and uppermost mantle in Qiantang block (QT). In Region VII the crustal thickness is 
about 80 km, the lithosphere is ~ 150 km thick and there is a well developed 
asthenosphere (Vs ~ 4.30 km/s). 
The area (the region VIII) of the Hindu Kush and Pamir seismic region is 
characterized by highest concentration of intermediate-depth seismicity in the world. 
These events trace the Wadati-benioff zone, which dips to the north under the western 
and central parts of the Hindu Kush and southwards under the Pamir. Earthquake 
studies in the region show seismicity extending to a depth of about 300 km. In the 
average model of the Region VIII the crustal thickness is about 70 km. Surface wave 
tomography (Brandon and Romaniwicz, 1986) and the interpretation of the gravity 
field (Molnar, 1988; Burov et al., 1990) report a very large Moho depth in the Pamir, 
which reaches about 70 km. The lithosphere reaches a depth of about 210 km, with a 
lid with Vs of about 4.60 km/s. Below the lithosphere, the asthenosphere, with Vs of 
about 4.40 km/s, reaches a depth of about 300 km. 
To the northeast of the Qinghai-Tibet Plateau, the Qaidam Basin (QDM) is in the 
region IX. Since 1958 the first deep seismic sounding experiment in the Qaidam 
 61
Basin (QDM) (Zeng et al., 1960, 1961) was carried out. The results revealed that the 
crust is about 52 km thick in the Qaidam Basin (QDM) and a low-velocity zone exists 
in the crust. In the Region IX the Moho depth is about 50 km, and the shear wave 
velocity increases, with increasing depth, from 3.75 km/s to 4.05 km/s. The 
lithosphere, with a very fast lid, Vs ~ 4.80 km/s, reaches a depth around 165 km. 
The regions X and XI comprise the Tarim Basin (TRM) and Tianshan orogenic 
belt. Using the Bouguer anomaly of northwestern Xinjiang and seismic wide angle 
reflection/refraction data, Zhao et al. (2003) proposed that the Tianshan belt is a block 
with relatively low velocity with Moho depth at 55 - 60 km, the Tarim Basin (TRM) 
has the crust about 50 km thick. Our results show that in the Tarim Basin (TRM) the 
crust is about 50 km thick (Region X) and the Tianshan orogenic belt’s is about 55 km 
(Region XI). The lithosphere thickness in Region X is about 175 km with fast lid, 
whereas the Region XI has relatively thin lithosphere ( ~ 165 km). 
To the northeast of the Tarim Basin (TRM), the Region XII is in the western 
Mongolia Plateau. Rayleigh wave phase velocity dispersion model (Yao et al., 2005) 
indicates a large-scale low velocity anomaly in the western Mongolia Plateau. Our 
results indicate that the Moho is about 50 km deep, with shear wave velocity 
increasing from 3.75 km/s to 4.30 km/s with increasing depth. The lithosphere, whose 
upper part has low shear velocity of about 4.50 km/s reaches a depth of about 170 km. 
It is seen that there is a soft lid, which consistent with the low velocity anomaly 
detected by Yao et al. 
The results indicated that a low-velocity zone exists in the crust in the Himalaya 
block (HM), the Lhasa block (LS), the Qiangtang block (QT) and the Bayankla block 
(BK). It is probably caused by partial melting in the lower crust and upper mantle. 
Broad low-velocity (about 4.2 km/s) zones are seen in the upper mantle (about 
150-330 km) in these regions, indicating the presence of a thick asthenosphere and hot 
upper mantle. The low-velocity zone in the upper crust of the Traim Basin (TRM) is 
due to the thick sedimentary layer. The Mohorovicic discontinuity is assumed to 
coincide with the increase of the Vs velocity from 3.60 km/s - 4.0 km/s to 4.3 km/s - 
4.7 km/s. The crust is very thick in the Qinghai-Tibet Plateau, varying from 60 km to 
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75 km. The maximum Moho depth of about 75 km is seen in the Qiangtang block 
(QT). Beneath the Indian Plate the crust is relatively thin, about 35 km thick. In the 
Tarim Basin (TRM) and the Junggar Basin (JGR) the crust thickness is about 50 km. 
In the Tianshan orogenic belt the Moho reaches a depth of about 55 km. The depth 
where S-wave velocity begins to decreases is considered as the bottom of the 
lithosphere. The lithosphere in the Qinghai-Tibet Plateau is thinner (about 150 km) 
than in the adjacent areas, Indian Plate (about 185 km), the Tarim Basin (TRM) (about 
175 km).  
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Chapter 6 Structural model of the Lithosphere- 
asthenosphere system 
6.1 The structural models 
In the study area the shear wave velocity-depth models in 181 cells are retrieved 
from the cellular dispersion curves performing the non-linear inversion method 
known as “Hedgehog”. The velocity structures are parameterized in the depth range 
from 8 to 350 km, in agreement with the depth sensitivity of the dispersion data set, 
estimated from the depth distribution of the partial derivatives of the group velocity 
curves with respect to the shear wave velocity. The deeper structure is fixed according 
with Ak135 model. The single error is estimated as the sum of the root-mean-square 
(r.m.s) of the measurement error and the standard deviation of the cellular dispersion 
curve at each period. The measurement error is determined as the standard deviation 
of the measurements of the group velocity along similar wave paths. The r.m.s value 
for the whole dispersion curve is estimated as 65% of the average single error 
determined for all selected periods (Appendix A1.1). If the difference between the 
measured and theoretical group velocity values is less than the single error at the 
specified periods and the r.m.s. value for the whole dispersion curve, a solution is 
accepted. After performing the non-linear inversion (Hedgehog) of dispersion curves 
for each cell, a set of shear wave velocity-depth models of the crust and the upper 
mantle that fits the observational data is obtained.  
For each cell, because of the well-known non-uniqueness of the non-linear 
inversion problem, a set of accepted solutions fits the observational dispersion data, 
with an equivalent level of reliability. An ensemble of acceptable models is found and 
in order to summarize and define the geological meaning of the results. It is often 
necessary to identify a representative model. For physical and mathematical reasons 
we should take a criteria for selecting a unique model. To choose one representative 
model for each cell, the Local Smoothing Optimization (LSO) method (Panza et al., 
2007) based on operational research theory (Bryson et al., 1975; De Groot-Hedlin and 
Constable, 1990) is applied to get the representative model and an estimate of its 
uncertainties (Appendix A3.1). Since the LSO method is based on a similar criterion, 
the introduction of heterogeneities that can eventually arise from a subjective choice 
may be avoided. However, in the Qinghai-Tibet Plateau and its vicinity the shallow 
and deep structures are very complicated. The heterogeneity is too severe to apply 
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LSO in the whole study area. If the LSO method is taken in the whole research area, 
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Fig. 6.1(a) The set of accepted solution (black lines) obtained through the Hedgehog 
non-linear inversion of the dispersion curve for each considered cell in the area indicated in 
Fig.6.1(b). The representative model is plotted as a red line. The grey zone shows the 
parameter’s space explored.  
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Fig. 6.1(b) Lithosphere-asthenosphere system for the  Qinghai-Tibet Plateau and its adjacent 
areas as a mosaic of one-dimensional cellular models. The structural models are chosen by 
LSO for each cell in upper figure. The models are represented in the depth range 0-350km and 
the ranges of variability of the inverted layer’s thickness are shown as shadowed areas. The 
depth of the Moho is indicated as red dotted line in each cell. In upper figure the considered 
cells are plotted as blue rectangle. The purple lines present the main faults and suture belts. 
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Fig. 6.2 (a) As in Fig. 6.1(a) for cells in the area indicated in Fig. 6.2(b).  
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Fig. 6.2 (b) Lithosphere-asthenosphere system for the Qinghai-Tibet Plateau and its adjacent 
areas as a mosaic of one-dimensional cellular models. The structural models are chosen by 
LSO for each cell in upper figure. The models are represented in the depth range 0-350km and 
the ranges of variability of the inverted layer’s thickness are shown as shadowed areas. The 
depth of the Moho is indicated as red dotted line in each cell. In upper figure the considered 
cells are plotted as blue rectangle. The purple lines present the main faults and suture belts. 
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Fig. 6.3 (a) As in Fig. 6.1(a) for cells in the area indicated in Fig. 6.3(b). 
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Fig. 6.3 (b) Lithosphere-asthenosphere system for the Qinghai-Tibet Plateau and its adjacent 
areas as a mosaic of one-dimensional cellular models. The structural models are chosen by 
LSO for each cell in upper figure. The models are represented in the depth range 0-350km and 
the ranges of variability of the inverted layer’s thickness are shown as shadowed areas. The 
depth of the Moho is indicated as red dotted line in each cell. In upper figure the considered 
cells are plotted as blue rectangle. The purple lines present the main faults and suture belts. 
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Fig. 6.4 (a) As in Fig. 6.1(a) for cells in the area indicated in Fig. 6.4(b). 
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Fig. 6.4 (b) Lithosphere-asthenosphere system for the Qinghai-Tibet Plateau and its adjacent 
areas as a mosaic of one-dimensional cellular models. The structural models are chosen by 
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depth of the Moho is indicated as red dotted line in each cell. In upper figure the considered 
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some important information will be lost for the minimization of the lateral velocity 
gradient. It is appropriate to obtain representative models by LSO method in each 
local region with different starting cell (SC). The Hedgehog non-linear inversion and 
the local smoothing algorithm (LSO) provide us only the mathematical solutions, the 
representative models are chosen, considering the priori geophysical and geological 
information. The results of the optimization of this multivalued solution are 
summarized in Fig. 6.1 (a), Fig. 6.2 (a), Fig. 6.3 (a) and Fig. 6.4 (a). For each cell the 
selected solution and the explored parameter’s space are indicated. 
The chosen structural models, for each cell, are shown in Fig. 6.1 (b), Fig. 6.2 (b), 
Fig. 6.3 (b) and Fig. 6.4 (b) from the surface to the maximum investigated depth of 
350 km. In each cell, the range of variability of the thickness of inverted layers is 
represented by shadowed area. The depth of the Mohorovicic discontinuity is 
indicated as red dotted line in each cell. 
6.2 The characteristics of the Qinghai-Tibet Plateau and its adjacent 
areas 
In Fig. 6.1 (a, b), Fig. 6.2 (a, b), Fig. 6.3 (a, b) and Fig. 6.4 (a, b) the models of 
181 cells show that the complexity of the studied area is marked by heterogeneities 
visible both in the crust and in the upper mantle.  
In the Ganges drainage area (cells C05, C06, C07, C08, C09, D04 and D05), 
south to the Qinghai-Tibet Plateau, the crustal thickness ranges from about 32 km to 
38 km. There is a relatively low velocity lower crust with an average Vs of about 3.65 
km/s. Below the Moho, a fast lid with Vs of about 4.7 km/s reaching a depth of about 
180 km is observed in these cells. Regional Rayleigh wave group velocities (Mohan et 
al., 1997) also show there a high-velocity upper mantle. The asthenosphere is thin, 
from 60 km to 90 km, with Vs of about 4.50 km/s in the region. To the south of the 
Ganges drainage area (C04, B05 and B06), the Moho depth reaches 42 km. In cells 
B05 and B06 the lithosphe is thinner than in the Ganges drainage area. In cells E01, 
E02 and E03, the Indus drainage area, the Moho reaches a depth of about 40 km with 
high velocity lower crust of about 3.80 km/s. Near the Himalaya block (HM), in cells 
E02 and E03, the lithosphere reaches a depth of 165 km and a slow lid with low 
velocity of about 4.45 km/s is visible. In the upper crust of the cells B05, B06, C04, 
C05, C06 and C07 the sediment are characterized by positive velocity gradient with 
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an average Vs of about 3.15 km/s. However in cells E01, E02 and E03, the Indus 
drainage area, and cells C10, C11, C12 and D13, the Brahmaputra River drainage area, 
the velocity in the upper crust is relatively low with an average Vs of about 2.95 km/s. 
In the north Indus drainage area, cells F01 and F02, a lid, with Vs of about 4.65 km/s, 
overlies a ~90 km thick, relatively fast asthenosphere, with Vs of about 4.50 km/s. In 
the Ganges drainage area, the lid reaches a depth of about 180 km with average Vs ~ 
4.60 km/s. There is a relatively thin and fast asthenosphere, with Vs ~ 4.50 km/s. 
South to the Ganges drainage area, in cells B05 and B06, the lithosphere (Vs of about 
4.65 km/s) reaches a depth of about 175 km. While in cells C11 and C12, between the 
Himalaya Mountain and Nage Hill, the relatively slow lid with Vs of about 4.50 km/s, 
extends to a depth of about 160 km. In cells D12 and D13, the thick lithosphere 
reaches a depth of about 170 km.  
The Burmese arc lies on the eastern margin of the Indian plate, marked by the 
Indo-Burman mountain ranges. Near the Bengal Bay, a relatively low velocity (Vs ~ 
2.83 km/s) upper crustal layer that reaches a depth of 8 km is observed in cells A11, 
A12 and A13. Under the lower crust the Mohorovicic discontinuity reaches the depth 
of about 39 km. With fast lid (Vs ~ 4.70 km/s) the bottom of lithosphere extends to a 
depth of about 160 km, overlaying a high asthenosphere layer with Vs of about 4.60 
km/s in cells A11 and A12. While in cell A13, along the Yalung Zangbo Suture belt 
(YZS), the velocity of the lid at the depth in the range 79-164 km is relatively low (Vs 
~ 4.45 km/s) and overlies a low velocity asthenosphere with Vs of about 4.40 km/s, 
which extends to a depth of about 254 km. More to the north, the Moho depth is 
larger 40 km in cells B11, B12 and B13. Similarly to that in the cells A11, A12 and 
A13, the upper crust is characterized by average low velocity of about 2.84 km/s till a 
depth of about 8 km. In Nage Hill the crustal thickness of cell B12 is about 43 km, 
and a fast lid with Vs of about 4.70 km/s in cell B12 is seen, overlaying a low velocity 
asthensphere (Vs ~ 4.20 km/s), which reaches a depth about 243 km. East to Nage 
Hill, cell B13 has lower crust with high Vs of about 3.85 km/s, overlies a low velocity 
uppermost mantle (4.25 km/s). At the bottom of the lithosphere, an asthenosphere, 
with Vs ~ 4.50 km/s, reaches a depth of about 260 km. Moving to the North, in cell 
C13 the Mohorovicic discontinuity reaches a depth of about 44 km, above a relatively 
slow layer (Vs ~ 4.1 km/s), that reaches a depth of about 74 km. Under the lid of cell 
C13 with Vs of about 4.65 km/s, a low velocity asthenosphere (Vs ~ 4.35 km/s) is 
detected, reaching a depth of about 260 km. 
In southern Burmese arc, the cells A14, A15, A16, B14 and B15 are 
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characterized by high velocity lower crust with Vs in the range 3.80-3.95 km/s, under 
a high velocity middle crust (average Vs ~ 3.55 km/s). The fast lid seems to be absent 
in cells A16, B14 and B15, where the velocity of the layer under the crust is about 
4.55 km/s. The lithospheric thickness is about 150 km in the southern Burmese arc. In 
cell A16 (near the Red river) at the bottom of the lithosphere a low velocity (Vs ~ 
4.25 km/s) asthenosphere is observed, extending a depth of about 254 km. The 
lithospheric thickness of cell B15 is relatively thin, about 145 km, and the 
asthenosphere extends to a depth of about 267 km, with Vs of about 4.45 km/s.  
Moving to the east, cells A17, A18, B16 and B17 are in the Red river zone. The 
upper crust is characterized by low velocity (average Vs ~ 2.85 km/s). Above a low 
velocity uppermost mantle layer with average Vs of about 4.20 km/s, the Mohorovicic 
discontinuity reaches a depth of about 40 km in the cells. Especially in cell A17 the 
velocity of the uppermost mantle is relatively low, about 4.05 km/s. It seems that a 
high velocity lid is absent in cells A17, A18, B16 and B17. The bottom of the 
lithosphere is at a depth of about 130 km in the Red river zone, with a low velocity lid 
(average Vs ~ 4.50 km/s) in cells A18 and B16, overlaying a slow asthenosphere (Vs 
~ 4.30 km/s) which extends till a depth in the range 255–265 km. In cell B17 under a 
low velocity lower crust (Vs ~ 3.55 km/s) the bottom of lithosphere reaches a depth of 
about 130 km with a relatively low velocity lid, which overlies an asthenosphere with 
Vs around 4.25 km/s. More to the east, cell B18 also has low velocity upper crust with 
Vs around 2.85 km/s. The asthenosphere, with Vs around 4.40 km/s, extends to a 
depth of about 270 km. 
Similarly to what observed in cell B18, at a depth of about 42 km, the shear wave 
velocity increases from 3.80 km/s to 4.20 km/s in cell C17. The lithosphere reaches a 
depth of about 150 km and a lid with Vs of about 4.60 km/s is detected in the depth 
range 82-152 km overlaying the asthenosphere (Vs ~ 4.45 km/s) which extends till a 
depth of about 275 km. Moving to the east, in cell C18, below the lower crust with 
high velocity of about 3.95 km/s, the low velocity lid (average Vs ~ 4.40 km/s) 
reaches a depth of about 140 km. 
The shallow and deep structure beneath the North-South zone in China is very 
complicated. In southern Hengduan Mountain, the cells C14, C15 and C16 have an 
about 50 km thick crust. A low velocity uppermost mantle with Vs around 4.10 km/s 
is observed in cell C14, while in cells C15 and C16 the velocity of the layer is high, 
about 4.35 km/s. A fast lid with Vs around 4.65 km/s is detected in cells C14, C15 and 
C16, it extends to an average depth of about 150 km, overlaying the asthenosphere 
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(average Vs ~ 4.45 km/s). 
Moving to the north, the cells D14 and D15 have thick crust with thickness of 
about 75 km which is similar to what observed in the Qinghai-Tibet Plateau. In cell 
D14, under high velocity upper crust (Vs ~ 3.20 km/s), a layer which starts at a depth 
of about 8 km and reaches a depth of about 24 km, has low Vs in the range 3.00-3.07 
km/s. More to the east, cell D15 has a thick layer with low velocity which starts at a 
depth of about 8 km and reaches a depth of about 32 km with Vs around 3.05 km/s. 
In cell D16, the low velocity layer in the upper crust is absent. The neighboring cell 
D14 has thick crust and low velocity zone, with average Vs of about 3.10 km/s in the 
depth range 8-32 km. It is possible that extrusion material of the Qinghai-Tibet 
Plateau flows in the middle crust along a channel between the Yalung Zangbo Suture 
belt (YZS) and Jinshajiang Suture belt (JSJS), and rotates around the eastern 
Himalayan Syntaxes. In cells D14 and E14, below a lower crust with relatively low 
velocity of about 3.60 km/s, the lithosphere reaches a depth of about 150km with Vs 
increasing with increasing depth from ~ 4.65 km/s to about 4.70 km/s. 
In the east of Jinshajiang Suture fault (JSJS), near the Yangzi Craton, in cell D16 
the lower crust with high velocity of about 3.80 km/s reaches a depth of about 50 km. 
At the bottom of the lithosphere, with Vs of about 4.60 km/s, the asthenosphere (Vs 
~ 4.55 km/s) is detected which extends to a depth of about 270 km. Moving to the 
East, the crustal thickness decreases in cells E15 and E16. Above a low velocity 
uppermost mantle layer (Vs ~ 4.20 km/s), the Mohorovicic discontinuity is at a depth 
of about 60 km in cell E15. The cell E16 is located among three faults: Xianshuihe 
Fault, Longmenshan Fault and Xiaojiang Fault. Its crustal thickness is around 57 km. 
Below the low velocity (Vs ~ 4.25 km/s) uppermost mantle, the lithosphere reaches a 
depth of about 157 km (Vs in the lid ~ 4.55 km/s), overlaying the asthenosphere (Vs 
~ 4.45 km/s) which extends till a depth of about 280 km. 
The Himalayan block (HM) has complicated shallow and deep structure. The 
Moho depth ranges between a minimum of about 39 km to a maximum of about 59 
km. In cells D05, D06 and D07, south of the Himalaya block (HM), a relatively high 
velocity, about 8 km thick, middle crust is observed with an average Vs of about 3.60 
km/s, The Mohorovicic discontinuity is seen at a depth of about 40 km under a high 
velocity lower crust with an average Vs of about 3.80 km/s. The lithosphere reaches 
a depth of about 160 km with a fast lid (Vs ~ 4.65 km/s). Under the lithosphere the 
asthenosphere (Vs ~ 4.50 km/s) extends till a depth of about 250 km. More to east, in 
cells D08, D09, D10 and D11, the crust thickness is about 45 km. The lithospheric 
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thickness of about 150 km in the cells D06, D07, D08 and D09 is slightly smaller 
than the thickness of about 160 km in the cells C06, C07, C08 and C09. In the cells 
D06, D07, D08, D09, D10 and D11 the velocity in the lid is about 4.6 km/s. At the 
bottom of the lithosphere a low velocity asthenosphere, with thickness variable from 
90 km to 140 km, with Vs around 4.45 km/s is detected. In the west of the Himalaya 
block (HM), cells E04 and E05, the Mohorovicic discontinuity reaches a depth of 
about 47 km. In cell E04, the middle crust has relatively high velocity of about 3.60 
km/s, while in cell E05 the velocity of the middle crust is about 3.40 km/s. The 
lithosphere reaches a depth of about 155 km, and a fast lid, with Vs ~ 4.65 km/s can 
be seen in the depth range from ~ 85 km to ~ 155km. The asthenospheric thickness is 
about 90 km with Vs ~ 4.45 km/s. More to west, in cells F03 and F04, the 
Mohorovicic discontinuity reaches a depth of ~ 50 km. In cell F03 a relatively high 
velocity lower crust, with Vs of about 3.90 km/s, starts at a depth range which varies 
from 32 km to 50 km. However in cell F03 the high velocity lower crust is not 
detected, the velocity of the lower crust is abut 3.70 km/s. Below the Mohorovicic 
discontinuity a low velocity uppermost mantle layer, with Vs of about 4.15 km/s, 
overlies a relatively fast lid with Vs ~ 4.65 km/s. The lithospheric thickness slightly 
reduces from 160 km in cell F03 to 150 km in cell F04. A relatively high velocity 
asthenosphere with Vs of about 4.50 km/s is seen in cells F03 and F04. In the west of 
Himalaya block (HM), in the cells G02 and G03 the crustal thicknesses is about 50 
km. Similarly to the cell F03, the cell G02 has high velocity lower crust, with Vs ~ 
3.85 km/s. Below the Moho, the uppermost mantle layer with Vs ~ 4.30 km/s 
overlies a relatively low lid with Vs ~ 4.50 km/s, till the depth of about 155 km in 
cells G02 and G03. Especially in cell G03, the lithosphere overlies a low velocity 
asthenosphere with average Vs ~ 4.30 km/s, which reaches a depth of about 270 km.  
More to the north, in cells E06 and E07 the velocity of the upper crust is 
relatively high, with Vs ~ 3.15 km/s. There is also a fast lower crust in the cells, with 
relatively high Vs of about 3.90 km/s. Below the Moho the fast lid reaches a depth of 
about 150 km, with Vs ~ 4.60 km/s. The asthenospheric thickness is about 100 km in 
the cells, with Vs of about 4.45 km/s. South of the Yalung Zangbo Suture belt (YZS), 
in the southern part, cells E08, E09 and E10, the crust is about 58 km thick, i.e. 
thicker than that is in the cells D07, D08, D09 and D10. Cells E08 and E09 are 
characterized by positive velocity gradient in the upper crust, till a depth of about 8 
km where Vs is about 3.22 km/s. A high velocity lower crust with an average Vs 
around 3.85 km/s is detected in cells E06, E07, E08, E09 and E10. The lithosphere 
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reaches a depth of about 150 km, and the asthenosphere (Vs ~ 4.40km/s) has a 
thicknesses of about 130 km. In cell E09 the asthenosphere reaches a depth of about 
300 km, with Vs about 4.45 km/s. The cell E10 in Lhasa block (LS) also has 
relatively thick asthenosphere, as thick as about 120 km.  
The eastern Lhasa block (LS), to the east of 90°E, has a deep structure which is 
different from the western one. The INDEPTH (International Deep Profiling of Tibet 
and Himalaya) (Zhao and Nelson, 1993; Nelson et al., 1996) shows that the crust is 
double-thickened with Moho depth estimation of >70 km. The cells E11, E12 and 
E13 are characterized by a thick crust with a Moho depth of about 75 km. In the cells 
E12 and E13 a relatively low velocity layer (Vs of about 3.05 km/s) is detected in the 
depth range from 16 km to 24 km. In cell E13 the Vs in the lid is as high as about 
4.80 km/s, in the depth range 80 - 135 km. In the lower crust Vs is relatively low, 
around 3.60 km/s. Below the Moho the bottom of the lithosphere reaches the depth 
of about 145 km in cells E11 and E12. The underlying asthenosphere has a relatively 
high average Vs of about 4.45 km/s in the cells. The lithosphere is slightly shallower 
in cell E13, where it reaches a depth of about 135 km and it overlies an about 150 
km thick asthenosphere (Vs ~ 4.55 km/s).  
More to the North, the cells F05, F06, F07, F08, F09 F10, F11, F12 and F13 have 
a crust as thick as about 80 km. Starting at a depth of about 8 km, a relatively high 
velocity (Vs ~ 3.20 km/s) upper crustal layer is observed in cell F05. In cells F05 and 
F06 a high velocity lower crust with thickness of about 30 km, with an average Vs of 
about 3.85 km/s is detected, that overlies an about 75 km thick lid with relatively 
slow Vs of about 4.55 km/s. The bottom of the lithosphere reaches the depth of about 
150 km, overlaying the asthenosphere with Vs ~ 4.50 km/s, which extends to a depth 
of about 275 km in cell F05. In cell F06 the asthenosphere (Vs ~ 4.50 km/s) extends 
to a depth of about 315 km. Moving to the East, cells F07, F08, F09, F10, F11, F12 
and F13 have Vs in the range 3.05-3.25 km/s at a depth in the range 16-32 km. The 
results from surface wave and body wave tomography (Ding et al, 2002) also show 
that there are remarkable low velocity zones in the upper crust of Lhasa block (LS). 
There is a slow lower crust (Vs ~ 3.65 km/s) that starts at a depth of about 47 km and 
reaches a depth of about 75 km in cells F07, F08 and F09. In cells F10, F11 and F12 
the lower crust has an average Vs of about 3.65 km/s in the depth range 50 - 80 km. 
Especially in cell F13 the Vs is about 3.50 km/s in the lower crust, that reaches a 
depth of about 80 km. It is suggested that the middle crust of Tibet is hot with low 
velocity (Nelson et al., 1996), which favors lateral crustal flow (Zhang et al., 2002; 
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Sun et al., 2004). Below the slow lower crust, a fast lid, as thick as about 65 km, is 
observed with Vs ~ 4.65 km/s, reaching the bottom of the lithosphere which extends 
till a depth of about 140 km in cells F07 and F08. The asthenosphere (Vs ~ 4.50 km/s) 
reaches a depth of about 300 km. In cells F09 and F10 the lithosphere is sightly 
thinner, reaches a depth of about 130 km and the lid, with Vs ~ 4.70k m/s, can be 
seen in the depth range 75 - 130 km, overlaying an about 160 km thick 
asthenosphere with Vs ~ 4.50 km/s. To the east of the cell F10, a 140 km thick 
lithosphere is detected in cell F11, with a fast lid (Vs ~ 4.75 km/s), overlaying a 155 
km thick asthenosphere (Vs ~ 4.55 km/s). Similarly, cells F11, F12 and F13 have fast 
lid with Vs ~ 4.70 km/s. Under the lithosphere, a 160 km thick asthosphere with 
average Vs of about 4.45 km/s is observed. In cells F12 and F13 a relatively low 
velocity layer (Vs ~ 4.35 km/s) from a depth of about 230 km to a depth of about 
310 km is seen. 
Moving to the east, cells F14, F15, G14 and G15 have thick crust with average 
thickness around 72 km. In cells F14 and F15, the lower crust starts at a depth of 
about 47 km and reaches a depth of around 75 km and it is characterized by high 
velocity (Vs ~ 3.80 km/s). The lithosphere is relatively thin ( ~ 145 km) and it 
overlies an about 140 km thick asthenosphere, with average Vs ~ 4.50 km/s. Moving 
to the north, the Mohorovicic discontinuity of the western Songpan-Ganze block 
(cells G14 and G15) reaches a depth of about 72 km. In the cells with fast lid 
(average Vs ~ 4.70km/s) the lithosphere reaches a depth of about 162 km and 
overlies a high velocity asthenosphere (average Vs ~ 4.55 km/s) which extends to an 
average depth of about 270 km.  
More to the east, the 16 km thick upper crust of the eastern Songpan-Ganze 
block (cells F16, F17, G16 and G17) is characterized by low velocity (average Vs ~ 
3.00 km/s). A lower crust which starts at a depth of about 32 km and reaches a depth 
of about 57 km is detected with Vs ~ 3.60 km/s in the cells F16 and G16. The 
lithosphere extends to an average depth of about 155 km and overlies an about 125 
km thick asthenosphere. Moving to the east, the crustal thickness in cells F17 and 
G17 starts to decrease to about 52 km in cell F17 and about 50 km in cell G17. 
Under lower crust with Vs of about 3.65 km/s, a low velocity uppermost mantle 
layer (Vs ~ 4.20 km/s) is seen. A lithosphere reaching a depth of about 165 km 
overlies an asthenosphere that reaches a depth of about 275 km. 
In the east of the western Syntaxes of the India-Eurasia collision zone, cells G04 
and G05 have a complex crust-mantle transition. The velocity is relatively low, about 
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3.20 km/s in the depth range 24 - 32 km. There is a relatively high velocity lower 
crust with an average Vs ~ 3.90 km/s, at a depth in the range from 47 km to 77 km. 
Below the Mohorovicic discontinuity, a fast lid with Vs ~ 4.70 km/s is seen, that 
reaches a depth of about 155 km and it overlies the asthenosphere (Vs ~ 4.50 km/s) 
which extends till a deep depth of about 345 km. In the western Qiangtang block 
(QT) (cells G06, G07, G08 and G09) the Moho reaches a depth of about 80 km. 
There is a relatively low velocity lower crust with an average Vs ~ 3.60 km/s. The 
tomographic results (Yao et al., 2005; Ding et al, 2002) indicate the presence a 
prominent low-velocity anomaly lying mainly in the lower crust and uppermost 
mantle in Qiantang block (QT). The tomographic cross-section (Wittlinger et al., 
1996) reveals that the crust of the Qiangtang block (QT) appears to be thick (~70 km) 
with low velocity. Similarly to what is observed in cells F09 and F10, below the 
thick crust in the cells G06, G07 and G08, the fast lid, with Vs of about 4.70 km/s, is 
relatively thin (about 50 km) and reaches a depth of about 130 km. A relatively thin 
lithosphere (with thickness of about 125 km) is seen in cells G08 and G09. Below 
the thin lithosphere a developed asthenosphere as thick as 195 km, with low velocity 
(Vs ranges from 4.35 km/s to 4.50 km/s), extends till a depth of about 320 km in the 
cells G06, G07, G08 and G09.  
Moving to the East part of the Qiangtang block (QT) (cells G10, G11, G12 and 
G13), the crustal thickness is about 75 km, as thick as the one in the western 
Qiangtang block (QT), while the lithosphere with a 70 - 80 km thick lid (Vs ~ 4.65 
km/s) becomes thicker and reaches a depth in the range 145-155 km. This result is 
well consistent with the result of Sun et al. (2004). In cells G11, G12 and G13 the 
asthenospheric thickness is thinner than in western Qiangtang block (QT) and 
reaches an average depth of about 305 km. 
The 2D and 3D velocities in the Qinghai-Tibet Plateau (Teng et al., 1994) 
presented a basic model with relatively thick crust and thin lithosphere. It is possible 
that the underplating of asthenosphere thins the lithosphere in the Qiangtang block 
(QT). This buoyancy might be the main mechanism and deep dynamics of the uplift 
of the Qinghai-Tibet Plateau hinterland. 
Near to the western Syntaxes of the India-Eurasia collision zone, cells H03 and 
H04 have a crust about 75 km thick. To the west, in cells H03 and H04, the 
lithospheric thickness is about 170 km, with a lid Vs velocity in the range 4.50 - 4.55 
km/s. Similarly to what detected in cells GF09 and F10 of western Qiangtang block 
(QT), below the lithosphere a developed asthenosphere with low velocity of about 
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4.45 km/s, extends to a depth of about 345 km in cells H03 and H04. 
To the north of Qiangtang block (QT), the Bayankla block (BK) (cells H05, H06, 
H07, H08 and H09) has a thick crust of about 75 km and a thin lithosphere, with 
thickness of about 150 km. In cell H05, between the Tarim Basin (TRM) and 
Qinghai-Tibet Plateau, the upper crust is characterized by low shear wave velocity of 
about 2.89 km/s. A high Vs (~ 3.80 km/s) lower crust is detected, overlaying a fast 
lid with Vs of about 4.65 km/s, which reaches a depth of about 150 km. Under the 
lithosphere, an asthenosphere is seen with relatively high shear velocity of about 
4.60 km/s. Compared with the lithospheric thickness of the cells in Qiangtang block, 
the lithosphere is thicker in cells H06, H07, H08 and H09. At the bottom of 
lithosphere a thick asthenospheric layer, as thick as about 140 km in cell H06, about 
165 km in cells H07 and H08, with average velocity of about 4.50 km/s is present.  
The Hindu Kush and Pamir seismic region is characterized by high 
concentrations of intermediate-depth seismicity. These events trace the 
Wadati-benioff zone, which dips to the north under the western and central parts of 
the Hindukush and southwards under the Pamir. Earthquake studies in the region 
show that seismicity extends to a depth of about 300 km. Surface wave tomography 
(Brandon & Romaniwicz, 1986) and the interpretation of the gravity field (Molnar, 
1988; Burov et al., 1990) determine in the Pamir a deep Moho, which reaches 70 km 
of depth. In the western Qinghai-Tibet Plateau, in cells H01, H02, I01 and I02, the 
Moho is as deep as about 72 km. The average velocity of the upper crust is about 
3.05 km/s in cells G01, H01 and I01, while it is increases in cells H02, I02 and J02. 
A fast lower crust with average velocity in the range 3.85 - 3.95 km/s is detected in 
cells H01, I01 and J02. In cells G01, H01, H02, I01, I02 and J02, the lithospheric 
thickness is relatively thick (~170 km). Similarly to what seen in the Qiangtang 
block (QT), in cells H02, I02 and J02, under the lower crust a fast lid with Vs of 
about 4.75 km/s is observed. Below the bottom of the lithosphere a positive velocity 
gradient is detected, with average Vs of about 4.55 km/s, at an average depth in the 
range 170-270 km in cells H01, H02, I01 and I02. 
To the south of the Qaidam Basin (QDM), a lower crust with high velocity (Vs ~ 
3.80 km/s) is observed in cells H10 and H11, and reaches a depth of about 60 km. 
The lithospheric thickness is about 160 km, thicker than what is observed in the 
southern cells G10 and G11. Under a fast lid (Vs ~ 4.70 km/s), the asthenosphere has 
Vs ~ 4.50 km/s till a depth of about 300 km.  Moving to East, in cells H12 and H13, 
the uppermost mantle has a low velocity layer, with Vs ~ 4.30 km/s, on the top of a 
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fast lid with high velocity of about 4.80 km/s, which extends to a depth of about 160 
km. Under the high velocity lithosphere of cell H13, the asthenosphere seems to be 
absent, with shear velocity of about 4.60 km/s. 
Moving to east the crustal thickness decreases in cells H14, H15, H16 and H17, 
and varies in the range from 52 km to 55 km. A relatively low velocity layer in the 
uppermost mantle is detected, with Vs ~ 4.10 km/s in cells H16 and H17 on top of a 
fast lid with average Vs of about 4.75 km/s in cells H15, H16 and H17. The 
asthenosphere (Vs ~ 4.45 km/s) reaches a depth of about 290 km  
In the northeast of the Qinghai-Tibet Plateau, the Qaidam Basin (QDM), the first 
deep seismic sounding experiment in the Qaidam Basin was carried out in 1958 
(Zeng et al., 1960, 1961). The results revealed that the crust is about 52 km thick in 
the basin and that a low-velocity anomaly zone exists in the crust. A low velocity 
middle crust, with Vs of about 3.20 km/s, starts at a depth of about 24 km and 
reaches at a depth of about 32 km in cells I10 and I11. The lower crust with thickness 
of about 24 km extends to a depth of about 55 km. Below the Moho, a fast lid (Vs ~ 
4.70 km/s) reaching a depth of about 160 km is observed in cells I09, I11, I12 and 
I13. In cell I10 below the Mohorovicic discontinuity, the velocity of the lid at the 
depth in the range 80 - 160 km is about 4.55 km/s. Under the lithosphere, the 
asthenosphere with Vs of about 4.50 km/s extends to a depth of about 280 km in 
cells I09, I10 and I11. More to the East, below the Mohorovicic discontinuity a low 
velocity uppermost mantle layer, with Vs of about 4.20 km/s overlies a fast lid with 
Vs ~ 4.70 km/s in cells I12, I13 and I14. The lithospheric thickness is about 167 km 
in cells I12, I13 and I14 and it overlies an asthenosphere about 100 km thick. In cells 
I15 and I16, the crustal thickness is about 52 km. Under the lid (Vs ~ 4.65 km/s) the 
bottom of the lithosphere reaches a depth of about 152 km and it overlies a relatively 
fast and thin asthenosphere with Vs of about 4.50 km/s. Moving to the east, the cell 
I17 which is not located within the Qinghai-Tibet Plateau shows a different deep 
structure. The Mohorovicic discontinuity extends a depth of about 50 km, the lid is 
fast, with Vs of about 4.70 km/s and the lithosphere is relatively thick with a 
thickness of about 175 km and overlies an about 85 km thick asthenosphere with Vs 
~ 4.45 km/s. 
North of the Qaidam Basin (QDM), high velocity layer with an average Vs of 
about 3.40 km/s is seen in the upper crust of cells J11, J12 and J13, at a depth in the 
range 8 - 16 km. The crustal thickness is about 52 km with a lower crust Vs ~ 3.60 
km/s. In the cell J13, the lithospheric thickness slightly decreases to about 158 km 
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from about 167 km in the cell J11. However the cell J11 has a relatively thin 
asthenosphere with thickness of about 70 km. In the cells J12 and J13, the bottom of 
asthenosphere extends to 250 km of depth. A low velocity asthenosphere (Vs ~ 4.35 
km/s) in cell J13, between the Altyn Tagh Fault (ATF) and the Qilian Fault (QLF), is 
detected. In cell J14 below a fast lid with Vs of about 4.75 km/s, the lithosphere 
reaches a depth of 155 km and it overlies a relatively high velocity asthenosphere 
(Vs ~ 4.55 km/s). More to East, in cell J15, under a relatively thick lithosphere (Vs ~ 
4.70 km/s) a thin asthenosphere, about 80 km thick, with Vs of about 4.40 km/s is 
observed. The cell J16 has properties similar to those of the cell I17: relatively thin 
crust with thickness of about 46 km, thick lithosphere (thickness ~170 km) which 
overlies a thin asthenosphere (Vs ~ 4.40 km/s). 
To the south of the Sichuan Basin (SC), the crustal thickness of cells D17 and 
D18 is less than 50 km. A low velocity uppermost mantle layer with Vs of about 4.20 
km/s is detected above a fast lid (Vs ~ 4.70 km/s) which extends to a depth of about 
163 km. Under the lid an about 95km thick asthenosphere is observed. Similarly to 
what observed in cells D17 and D18, an uppermost mantle layer with low velocity of 
about 4.15 km/s is detected in cells E17, F18 and E19, in the Sichuan Basin (SC). 
Under a lower crust with Vs of about 3.80 km/s the Mohorovicic discontinuity of the 
stable basin reaches a depth of less than 45 km. An about 80 km thick asthenosphere 
with average 4.40 km/s is observed under the bottom of the lithosphere which 
reaches a depth of about 170 km in cells E17 and E18. In the eastern Sichuan Basin 
(cell E19), the lower crust Vs is ~ 3.75 km/s and it overlies a low velocity uppermost 
mantle layer with Vs ~ 4.20 km/s. The lithosphere is thinner ( ~ 164 km) than in cells 
E17 and E18. Moving to the north, the crustal thickness is in the range 45 - 48 km in 
cells F18, F19, G18 and G19. In the south of Ordos block, cells G18 and G19 are 
characterized by a high velocity (Vs ~ 3.35 km/s) upper crust. And the lithosphere 
reaches a depth of about 160 km, and overlies an asthenosphere (Vs ~ 4.45 km/s) 
which extends to a depth of about 270 km.  
In the north of Altyn Tagh Fault (ATF), the Tarim Basin (TRM) (cells I03, I04, 
I05, I06, I07, I08, J03, J04, J05, J06, J07, J08, J09 and J10) has relatively thin crust 
with thickness in the range 45 - 55 km. Using the Bouguer anomaly data of the 
northwestern Xinjiang and seismic wide angle reflection/refraction data, Zhao et al. 
(2003) proposed that Tarim Basin (TRM) has a crustal thickness of about 50 km. The 
lithospheric thickness is larger than 170 km in the basin. In the southern Tarim Basin 
(TRM), the Mohorovicic discontinuity extends to a depth in range 52 - 55 km and it 
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underlies a relatively low velocity lower crust (Vs in the range 3.55 - 3.60 km/s) in 
the cells I03, I0 I03, I04, I05, I06, I07 and I08. The cells are characterized by a low 
velocity in the upper crust with thickness of about 16 km where average Vs is in the 
range 2.95 - 3.10 km/s. Below the low velocity uppermost mantle layer (average Vs 
~ 4.25 km/s), at a depth greater than 85 km, a fast lid, reaching a depth of about 170 
km, is detected, with average Vs greater than 4.70 km/s in cells I03, I04, I05, I06 and 
I08. At the bottom of the thick lithosphere, the asthenosphere extends to a depth of 
about 270 km in the southern Tarim Basin (TRM). More to the north, in cells J03, 
J04, J05, J06, J07, J08, J09 and J10 the crustal thickness decreases, with the 
thickness in the range 47-52 km. In the western Tarim Basin (TRM) (cells J03 and 
J04), a fast lid (Vs ~ 4.80km/s) is observed, reaching a depth of about 175 km. In 
cells J06, J07 and J08 there is a relatively thick lithosphere with the bottom 
extending to a depth of about 180 km; the asthenosphere (average Vs ~ 4.45 km/s) 
reaches a depth of about 260 km. Moving to the East, the crustal thickness increases 
in cells J09 and J10, with positive velocity gradient (average Vs ~ 3.15 km/s) in the 
upper crust. A lithosphere reaching a depth of about 170 km overlies an 
asthenosphere with high Vs of about 4.60 km/s. 
Along the Tianshan orogenic belt (cells L07, K02, K03, K04, K05, K06, K07, 
K08, K09, K10, K11, K12 and K13), the average Moho depth is about 55 km. From 
the Bouguer anomaly of Northwestern Xinjiang and seismic wide angle 
reflection/frection data (Zhao et al. 2003) proposed that the Tianshan belt is a block 
with relatively low velocity, with crustal thickness in the range 55 - 60 km. Below 
the Mohorovicic discontinuity, a low velocity uppermost mantle has a low velocity 
layer, with average Vs ~ 4.15 km/s. It seems that the lid is absent with the Vs of 
about 4.55 km/s at a depth in the range 75 - 165 km in cell K02. The lithospheric 
thickness is larger than 160 km, with a fast lid with Vs ~ 4.75 km/s at a average 
depth in the range 75 - 165 km in cells K02, K03, K04, K05, K06 and K07. At the 
bottom of the lithosphere, the asthenosphere (average Vs ~ 4.50 km/s) can be seen, 
reaching a depth of about 270 km in cells K02 and K03. While in cells K04 and K05, 
the asthenosphere extends to a depth of about 290 km. Near to the northern Tarim 
Basin (TRM), the Mohorovicic discontinuity is shallow ( ~ 52 km deep) in cells K06, 
K07 and K08. Under a fast lid, the asthenosphere is thinner than in the western cells. 
More to east, the upper crust is characterized by high velocity (Vs in the range 
3.20-3.40 km/s) in the cells K09, K10, K11, K12 and K13. Near the Turpan Basin, 
the cells K12 and K13 have a thin crust with thickness of about 50 km. Below the 
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Moho, a relatively low velocity uppermost mantle with Vs of about 4.10 km/s and 
thickness of about 90 km, is present. Under the low velocity layer, the bottom of the 
lithosphere reaches a depth of about 170 km and it overlies a thin asthenosphere (Vs 
~ 4.45 km/s). Moving to the East, the upper crust of cells K14, K15 and K16 has 
similar features with high velocity (in the range 3.15-3.35 km/s). A low velocity 
uppermost mantle layer with Vs in the range 4.05-4.25 km/s, is detected, under a 
high velocity lower crust with Vs of about 3.85 km/s. From cell K14 to cell K16, the 
lithospheric thickness increases. Similar to what is seen in the cell J16, a thick 
lithosphere ( ~ 175 km) is observed in cell K16. In the northern Tianshan Mountain, 
the Mohorovicic discontinuity of the cell L07 reaches a depth of about 52 km. In the 
uppermost mantle layer at a depth in the range 52-72 km, with shear velocity of 
about 4.45 km/s, overlies the lid (Vs ~ 4.65 km/s). Under the bottom of the 
lithosphere, a high velocity asthenosphere with Vs ~ 4.55 km/s is seen, that reaches a 
depth of about 250 km.  
To the north of the Tianshan orogenic belt, in the Junggar Basin (JGR) (cells L08, 
L09, L10 and M09), the Moho depth is about 50 km, with the average shear wave 
velocity increases from about 3.65 km/s to about 4.35 km/s. In the southern Junggar 
Basin (JGR), under the relatively low uppermost mantle layer a fast lid with Vs of 
about 4.80 km/s is observed, which extends to about 170 km of depth and it overlies 
a high velocity asthenosphere (Vs ~ 4.60 km/s). In cell M09, there is a thick 
lithosphere with thickness of about 172 km, overlaying a high velocity asthenosphere. 
East to the Junggar Basin (JGR) the velocity of the upper crust is very high in the 
range 3.26-3.41 km/s in cells L11, L12, L13, L14, M10, M11 and M12. The Moho 
depth is estimated as deep as about 52 km. Near the Junggar Basin (JGR) in the cell 
L11 a low velocity uppermost mantle layer with Vs of about 4.10 km/s is seen below 
the high velocity lower crust (Vs ~ 3.90 km/s). The average velocity ( ~ 4.40 km/s) 
of the asthenosphere in the cells of the Altay Mountain is larger than that in the cells 
of Junggar Basin (JGR). The bottom of the lithosphere reaches a depth in the range 
161 - 167 km and it overlies an asthenosphere which extends to about 270 km of 
depth. 
6.3 The thickness of the crust, lithosphere and asthenosphere 
The average models of the lithosphere-asthenosphere system in the 
Qinghai-Tibet Plateau and its vicinity are obtained through the Hedgehog non-linear 
inversion. The representative models are chosen by LSO in 181cells (in Fig. 6.1, Fig. 
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6.2, Fig. 6.3 and Fig. 6.4). The Mohorovicic discontinuity is identified with shear 
velocity increase from ~ 3.7 km/s to ~ 4.3 km/s. The depth where the shear wave 
velocity begins to decrease is considered the bottom of the lithosphere. The 
asthenosphere is a lower velocity stratum that extends from the bottom of the 
lithosphere to greater depth, where the shear wave velocity is again as high as that at 
the bottom of the lithosphere. The crustral, lithospheric and asthenospheric 
thicknessees are plotted (Fig. 6.5, Fig. 6.6 and Fig. 6.7). The thicknesses are helpful to 
study the structural differences between the Qinghai-Tibet Plateau and its adjacent 
areas and those among different geologic units of the study area. 
6.3.1 The crust 
The Fig. 6.5 shows the crustal thickness. The crustal thickness is strongly 
correlated with the geological structures sketched by sutures and major belts. The 
crustal thickness between the thinner Indian Plate and the thicker Qinghai-Tibet 
Plaeau, between the thinner Tarim basin and the thicker Qinghai-Tibet Plaeau, is well 
demarcated by the Main Boundary thrust (MBT) and Altyn Tagh fault (ATF). The 
crustal thickness is very variable in the study area. The most conspicuous thick crust 
is in the Qinghai-Tibet Plateau, especially in the western Qiangtang block (QT) and 
the Lhasa block (LS). 
South of the Qinghai-Tibet Plateau, the Moho depth varies from 32 km to 42 km 
beneath the northern Indian Plate (ID), and the thinnest area is located in the Ganges 
drainage area. The crustal thickness is about 42 km in northern Deccan Plateau. This 
result is agreement with the models of previous investigations. Deep seismic 
reflection studies (Rao et al., 2006) show that the Moho boundary is at a depth of 
about 42 km in the Indian shield. Jagadeesh and Rai (2007) inferred that the Moho 
depth varies between 33 km and 43 km. 
In the Qinghai-Tibet Plateau, Fig 6.5, different crustal thicknesses in the 
Himalaya block (HM), the Lhasa block (LS) and the Qiangtang block (QT) are well 
visible. The Moho depth ranges between a minimum of about 39 km to a maximum of 
about 59 km in the Himalaya block (HM). In the Lhasa block (LS) the depth of Moho 
is in the range 65-80 km. The Lhasa block (LS) is divided by an NNW trending 
boundary striking 90oE and 92oE: the eastern part has a thicker crust (~80 km) than 
the western one. The Qiangtang block (QT), between the Banggon Nujiang suture belt 
(BNS) and the Jinshajiang suture belt (JSJS), has a Moho depth of about 80 km in the 
study area, especially in western Qiangtang block (QT). The INDEPTH (International 
Deep Profiling of Tibet and Himalaya) (Zhao and Nelson, 1993; Nelson et al.,1996) 
indicates that the crust is double-thickened with Moho depth estimation of >70 km. 
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Teng et al. (2003) compiled a 2D Moho map for the eastern Asia based on the results 
of the interpretation of seismic sounding profiles acquired during the past 30 years. 
His map shows that the crust is thickest (about 74 km) in the Qinghai-Tibet Plateau. 
Deng et al. (2004) represented the Vs and Vp structure of “double” thickness of the 
Qinghai-Tibet orogenic crust, compared with “normal” crustal structure, and gave an 
average crustal thickness of 68 km. Li et al. (2006) summarized about ninety seismic 
refraction/wide angle refection profiles in mainland China and indicated a crustal 
thickness of about 75 km in the plateau. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
North of the Jinshajiang suture belt (JSJS), in the Bayankla block (BK), the 
crustal thickness is about 75 km. To the east of the Qinghai-Tibet Plateau, the 
Songpan-Ganze block, the Moho depth decreases from about 70 km to about 55 km 
going from the west to east. The Qaidam Basin (QDM), in the northeastern margin of 
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Fig. 6.5 The distribution of the crustal thickness beneath the Qinghai-Tibet Plateau and its 
adjacent areas. The purple lines present the main faults and suture belts. The cyan blue lines 
denote the main rivers. The black lines are coast and national boundary. The scale on the figure 
is for thickness, red color for thinner thickness, purple color for thicker thickness. 
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the Qinghai-Tibet Plateau, has a crustal thickness of about 55 km. 
Beneath the neighboring basins the crustal thickness is less than 50 km which is 
thinner than what is seen in the Qinghai-Tibet Plateau. The Moho depth in the 
Sichuan Basin (SC) is about 45 km, in the Tarim Basin (TRM) about 50 km.  
6.3.2 The lithosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the Fig 6.6 the lithospheric thickness is thinner inside the Qinghai-Tibet 
Plateau (125 - 160 km) than in its adjacent areas. And two blocks can be recognized, 
divided by an NNE striking boundary running between 90oE - 92oE in the Qiangtang 
block (QT) and the Lhasa block (LS).  
In the northern Indian Plate, the Ganges drainage area has the thickest 
lithosphere ( ~ 190 km). In the Indus River plain, south of the Pamir Plateau, the 
lithospheric thickness is about 180 km. Between the Himalaya Mountain range and 
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Fig. 6.6 The distribution of the lithospheric thickness beneath the Qinghai-Tibet Plateau and its 
adjacent areas. The purple lines present the main faults and suture belts. The cyan blue lines 
denote the main rivers. The black lines are coast and national boundary. The scale on the figure 
is for thickness, red color for thinner thickness, purple color for thicker thickness. 
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Nage Hill, the lithospheric thickness is about 170 km. The Burmese arc lies on the 
eastern margin of the Indian Plate, marked by the Indo-Burman mountain ranges. 
From the Harvard CMT data of the Himalaya-Tibet-Burma seismic belt (Rao et al., 
2003), the lithosphere thickening is associated with NS compression. 
The Qinghai-Tibet Plateau has a thin lithosphere, especially in the Qiangtang 
block (QT). To the west of 90oE - 92oE of the Qiangtang block (QT), the lithosphere 
is the thinnest in the study area, about 125 km. Magnetotelluric data (Lithosphere 
Research Center, CAGS, 1996) shows that the thickness of the lithosphere in the 
interior of the plateau is in the range 100-130 km, smaller than those of its foreland 
and backland. The lithospheric thickness increases to 150 km to the east of 90oE 
-92oE in the Qaingtang block (QT). In the Himalaya block (HM) the lithospheric 
thickness is about 155 km. In Fig. 6.6 the Main Boundary thrust (MBT) can be 
outlined clearly by a sharp thickness gradient, which indicates the penetration of the 
MBT into the upper mantle. The Lhasa block (LS), between the Yarlung Zangbo 
suture belt (YZS) and Banggong Nujiang suture belt (BNS), the lithospheric thickness 
is declining along WE direction, from about 155 km to about 140 km. 
North of the Jinshajiang suture belt (JSJS), in the Bayankla block (BK), the 
lithosphric thickness is about 160 km. In the east of the Qinghai-Tibet Plateau, the 
Songpan-Ganze block has a lithospheric thickness of about 160 km. The Qaidam 
Basin (QDM), in the northeastern margin of the Qinghai-Tibet Plateau, has a thicker 
lithosphere ( ~ 165 km) than what is seen in the Qaingtang block (QT), the Lhasa 
block (LS) and the Himalaya block (HM).  
Beneath the neighboring basins the lithospheric thickness is larger than 170 km, 
i.e. it is thicker than that in the Qinghai-Tibet Plateau. The bottom of the lithosphere 
reaches a depth of about 175 km in the Sichuan Basin (SC), about 180 km in the 
Tarim Basin (TRM). 
6.3.3 The asthenosphere  
Fig. 6.7 shows the distribution of the asthenospheric thickness in the study area. 
It shows a clear mirror image of the lithospheric thickness. In the Qinghai-Tibet 
Plateau the lithosphere is thinner, where the asthenosphere is thicker. The 
asthenosphere is relatively thick in the Qinghai-Tibet Plateau, and the thickness varies 
from about 120 km to about 220 km, the thickest area being located in western 
Qiangtang block (QT). 
South of the Qinghai-Tibet Plateau, the Ganges drainage area has thinner 
asthenosphere with thickness of about 80 km. Between the Himalaya Mountain and 
Nage Hill, the asthenospheric thickness is about 85 km. The Indus River plain has 
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also thin asthenosphere with thickness of about 80km. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The whole Qinghai-Tibet Plateau has a thick asthenosphere, even if the 
asthenospheric thickness varies in some units of the plateau. In the Himalaya block 
(HM), the asthenosphere is relatively thinner than that in the Lhasa block (LS) and the 
Qiangtang block (QT). The thickness of the asthenosphere varies from about 100 km 
to about 130 km in the Himalaya block (HM), whereas it is in the range 140 - 160 km 
in the Lhasa block (LS). The Qiangtang block (QT), especially its western area (west 
of 90oE - 92oE), has a rather thick asthenosphere of about 200 km. There are also two 
parts inside the plateau, divided by a boundary running along 90oE -92oE. The 
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Fig. 6.7 The distribution of the asthenospheric thickness beneath the Qinghai-Tibet Plateau and 
its adjacent areas. The purple lines present the main faults and suture belts. The cyan blue lines 
denote the main rivers. The black lines are coast and national boundary. The scale on the figure 
is for thickness, red color for thicker thickness, purple color for thinner thickness. 
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asthenosphere to the west of the boundary is relatively thicker ( ~ 200 km) than that to 
the east. The bottom of the asthenosphere increases from south towards the Banggon 
Nujiang suture belt (BNS). 
In the northeastern margin of the Qinghai-Tibet Plateau, in the Qaidam Basin 
(QDM), the asthenospheric thickness is about 140 km. The Songpan-Ganze block, in 
the east of the Qinghai-Tibet Plateau, has the asthenosphere with thickness of about 
140 km. Compared with the thickness of the asthenosphere in the Qiangtang block 
(QT) and the Lhasa block (LS), its thickness is relatively thinner.  
The asthenospheric thickness beneath the neighboring basins is about 90 km in 
the Tarim Basin (TRM) and it is about 100 km in the Sichuan Basin (SC). 
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Chapter 7 Discussion and conclusion 
7.1 Discussion  
Performing the non-linear inversion (Hedgehog method) we gained the 3D shear 
wave velocity structure from 181 cellular dispersion curves. The Rayleigh wave group 
velocity (8-150 s) and the 3D shear wave velocity structures of the crust and upper 
mantle (8-350 km) are analyzed in chapter 2 and chapter 5, respectively. Some 
questions about the deep dynamic mechanism and processes need to be discussed and 
improved.  
(1) Collision model of the Indian and Eurasian plates 
The Indian subcontinent collision with the Eurasian Plate began about 55 Ma ago 
and continues at present (Besse and Courtillot, 1988). With the continental-continental 
collision, the largest and highest Qinghai-Tibet Plateau has reached an average 
elevation of about 5 km with average crustal thickness of about 70 km (Molnar et al., 
1993). The crust underlying the plateau is composed by several continental fragments 
that were progressively accreted to the southern margin of Asia during late Paleozoic 
through Mesozoic times, and separated by ophiolitic suture zones (Yin and Harrison, 
2000). The upper mantle of the Indian Plate was wedged into the lower crust of the 
Tibetan Plateau toward north, resulting in huge shear nappe structure in Himalayan 
zone (Teng et al., 1994). Seismological evidences indicate that the thrust faults in 
Himalaya and southern Tibet extent to a depth in the range 80 - 100 km (Zeng et al., 
2000).  
The Qinghai-Tibet Plateau, formed by the successive convergence and collision, 
is the key earth science laboratory for the understanding of continental-continental 
collision and mountain building mechanism. The uplifting of the plateau is a joint 
operation of the whole uprising of the plateau and local rapid rising of its periphery, is 
the synthetic result of at least two or more mechanisms (Zhong and Ding, 1996). 
Many models are proposed about the collision of India Plate and Eurasia Plate. 
Since Argand (1924) (Fig. 7.1. (a)) presented the underthrusting of the Indian 
shield beneath the Qinghai- Tibet Plateau, subduction has been considered a main 
mechanism for the uplift and evolution of the plateau. After Panza and Mueller (1978) 
gave the evidence of the continental lithosphere subduction in continent-continent 
collision, some collision model about the Indian Plate and the Eurasian Plate are 
speculated. The model fall into two main categeories: (1) those in which the Indian 
lithosphere subducted into the Qinghai-Tibet Plateau (Powell, et al., 1986; Zhao and 
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Morgan, 1985); (2) those in which the stronger Indian lithosphere acted as a rigid 
indenter, resulted in the thickening of the lithosphere of Qinghai-Tibet Plateau 
(Dewey et al., 1988, 1989; England and Houseman, 1988; Willett and Beaumont, 
1994). These models are constructed to interpret the north-south strong crustal 
shortening and vertical thickening of highest plateau in the world. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.  
 
 
 
India ITS Tibet Asia
 
India ITS Tibet Asia
 
(a)                                       (b) 
India ITS Tibet Asia
 
India ITS Tibet Asia
 
(c)                                       (d) 
India ITS Tibet Asia
 
(e) 
 
Fig. 7.1 Models for collision of the Indian and Eurasian plates (after Johnson, 2002). 
(a)Underthrusting of India (Argand, 1924; Powell and Conaghan, 1973); (b) Injection Model 
(Zhao and Morgan, 1985); (c) Diffused Homogeneous Thickening with India acting as a rigid 
indenter (Dewey et al., 1988); (d) Model C followed by the convective removal of lithospheric 
mantle under Tibet (England and Houseman, 1988); (e) Subduction of Asian mantle and “roll 
back” of a south dipping sunduction zone (Willett and Beaumont, 1994) 
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Fig. 7.3 The shear wave velocity sections along the profiles A-A’, B-B’, C-C’, D-D’, E-E’, F-F’ 
and G-G’ in Fig. 7.2 and their cartoons with the boundaries between layers. The one dimensional 
models are represented in the depth range 0-350km and the ranges of variability of the inverted 
layer’s thickness are shown as shadowed areas. (continue) 
 95
The shear wave velocity cross-sections (Fig. 7.3) are smoothed images along the 
profiles A-A’, B-B’, C-C’, D-D’, E-E’, F-F’ and G-G’ in Fig. 7.2. The results give the 
structure of the crust and the upper mantle from a depth of 8 km to a depth of 350 km. 
The variations of S wave velocities in the vertical profiles of Fig. 7.3, crossing 
Deccan Plateau, Ganges drainage area, Himalaya block (HM), Lhasa block (LS) and 
Qiangtang block (QT), indicate differences in the thickness of the crust, the 
lithosphere and the asthenosphere. As seen in the cross-sections in Fig. 7.3 in the 
south of the Main Boundary Thrust (MBT) the Indian Plate has a thin crust, a thick 
lithosphere and a thin asthenosphere. Moving to the north of the MBT, in the 
Himalaya block (HM) the isolines of the shear wave velocity in the crust have a 
north-dipping trend. Between the Yarlung- Zangbo suture (YZS) and the Bangong- 
Nujiang suture (BNS), in the Lhasa block (LS) the crustal and asthenospheric 
thicknesses increase, and the thickness of the upper mantle lid gradually decreases. In 
the north of Bangong- Nujiang suture (BNS) there is a huge low velocity stratum in 
the Qiangtang block (QT) from a depth of 8 km to a depth of about 80 km in the 
cross-sections A-A’, B-B’, C-C’, D-D’, E-E’ and F-F’, and the thickness of the upper 
mantle lid decreases to about 50 km. To the east of 92ºE, the cross- section G-G’ 
shows that the lithospheric thickness of the Qiangtang block (QT) increases. The 
images of the shear wave velocities at a depth in the range 40-100 km in these 
cross-sections show that the north-dipping high velocity anomaly ends at the 
Bangong-Nujiang suture (BNS). Teng et al. (1994) showed that the upper mantle of 
Indian Plate was wedged into lower crust of Tibetan Plateau toward north. The thrust 
faults in Himalaya Mt. and southern Qinghai-Tibet Plateau are observed to extend to a 
depth in the range 80-100 km from seismological evidences (Zeng et al., 2000). 
Between the Yanlung-Zangbo suture (YZS) and Bangong- Nujiang suture (BNS), the 
Qiangtang block (QT) has a huge low-velocity layer with average Vs of about 4.45 
km/s at the depth in the range 130-320 km. The cross-sections A-A’ B-B’, C-C’, D-D’, 
E-E’ F-F’ and G-G’ indicate a high velocity with Vs of about 4.55 km/s at the depth in 
the range 170 - 250 km beneath the Main Boundary Thrust (MBT). The Indian 
lithospheric slab is detected to subduct beneath the entire Qinghai-Tibet Plateau (Zhou 
et al., 2005). The high velocity anomalies manifest subduction pattern between the 
Indian Plate and the Eurasian Plate. This subduction is an important mechanism of the 
uplift and thermal- uplift spreading.  
From the profiles crossing the Main Boundary Thrust (MBT), the uppermost 
mantle of the Indian Plate is clearly subducted almost horizontally beneath the 
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Himalaya block (HM) and Lhasa block (LS) and ends at the Bangong- Nujiang suture 
(BNS). The Indian lithospheric lid is subducted with a large-angle beneath the 
Eurasian Plate before the Yalung-Zangbo suture (YZS). The lithosphere of the 
Qinghai-Tibet Plateau has a very thick crust, low velocity and a thin lithospheric 
mantle. A double-crust structure is not detected in the Qinghai-Tibet Plateau. We echo 
the view of Le Pichon et al. (1992) who considered that the Indian lower crust is not 
preserved in the Himalyan thrust sheets. The crust of the Qinghai-Tibet Plateau is 
twice as thick as the average continental crust (60 - 80 km) with an abnormal thermal 
state, resulting from the continent crustal convergence due to the collision and 
compression of the Indian and Eurasian plates. The upper part of the Indian crust is 
removed by erosion along the Himalayan front (Zhou and Morgan, 1985). In contrast, 
the lithosphere is relatively thin in the central Qinghai-Tibet Plateau, above a thick 
asthenosphere. With the continental-continental collision and compression, the 
asthenosphere is thickening and heating up. It is predicted to change the buoyancy 
that will effectively lift the overlying lithosphere and the crust. We speculate that the 
lithosphere of central Qinghai-Tibet Plateau is thin because of the asthenospheric 
underplating by the buoyancy and heating. 
(2)Material flow in eastern Qinghai-Tibet Plateau 
In the collision and compression of the Indian and Eurasian plates, the crust is 
shortening and thickening in the highest plateau. According to the arc-structure and 
the interaction force system between the eastern Qinghai-Tibet plateau and 
Sichuan-Yunnan block, the deep materials seems to flow and migrate eastward, and 
turns to east-south direction in the Sichuan-Yunnan block due to the obstacle of the 
Sichuan Basin (SC) (Teng et al., 1980, 1996, 2004; Huan et al., 1979). Early 
Tapponnier and Molner (1976) deduced the crustal shortening of the Qinghai-Tibet 
Plateau has been absorbed by east-west-trending strike-slip motion and lateral flow of 
material. Le Pichon et al. (1992) 
estimated the continental 
surface loss is 5.7×106~6.2×
106 km2 by the kinematic 
shorting since the collision of 
Indian Plate and Eurasian Plate. 
After calculating the increase of 
crust thickening, they revealed a 
deficit in shorting of between  
 
Fig. 7.4 Global positioning system (GPS) velocities 
(mm/yr) (after Zhang et al., 2002) 
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1.8×106 and 3.0×106 km2, one third and one half of total surface loss. They pointed 
out that the loss of substance occurs by lateral extrusion or loss of lower crust to 
mantle. Zeng et al. (1992, 2000) and Owens et al. (1997) analyzed the sinistral and 
dextral strike-slip faults in eastern Qinghai-Tibet Plateau and Gelin Co- Beng Co- 
Jiali fault and large-scale low velocity zone in Qinghai, Sichuan and Yunnan, and 
deduced the material flow in eastern Qinghai- Tibet Plateau. Shear wave anisotropy 
(McNamara et al., 1994) indicated the mass migration toward the east. Sun et al. 
(2001, 2003, 2004) presented the lateral material extrudes in EW direction and the 
source of the extrusion is in Qiangtang block (QT), based on surface wave 
tomography. The crustal structure of P- and S-wave velocities and Poisson’s ratio with 
the wide-angle reflection seismic data along EW direction profile (Zhang et al., 2002) 
demonstrated the substance in the lower crust endured eastward flow along the 
collision between the Indian and Eurasian plates. Global positioning system (GPS) 
velocities (Zhang et al., 2002, 2004) from control points in the Qinghai-Tibet Plateau 
and its margin show that the material within the plateau interior moves roughly 
eastward with speeds that increases toward the east, and then flows southward around 
the eastern Himalayan Syntaxes (Fig. 7.4). The EW-direction Himalayan fold system 
and the eastward tectonic units in the Lhasa block (LS) and the Qiangtang block (QT), 
surrounded by eastern Himalayan Syntaxes, turn to NS-direction. Meanwhile the 
widths of the units are decreased greatly (Wang et al., 2001). The shear wave velocity 
distribution of the crust and the upper mantle clearly indicate that substance of crust 
extrudes and flows southward around the eastern Himalayan Syntaxes in eastern 
Qinghai-Tibet Plateau, especially in the middle crust. These materials extrude along 
the channel between the Jinshajiang Suture belt (JSJS) and the Bangong-Nujang 
Suture belt (BNS) with both rotation and dispersion in eastern Himalayan Syntaxes. 
Finally, it flows toward southeast and extends the Yangze craton. The loss of surface 
material arising from crustal shortening is caused not only by crustal thickening but 
also by lateral extrusion. The shear wave velocity is relatively low in Qiangtang block 
(QT), which may be the source of the lateral extrusion. The eastward flow in the 
upper mantle is obeying the global trend in the mantle flow, explained in the 
framework of the global westward drift of the lithosphere relative to the underlying 
mantle (Panza et al. 2010; Riguzzi et al. 2009 and references therein) 
(3) Differences between eastern and western Qinghai-Tibet Plateau 
In the shear wave velocity variation of the upper crust, two blocks can be 
recognized clearly (Fig. 7.5), divided by an NNE strike boundary running between 
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90ºE ~ 92ºE inside the plateau. The shear wave velocity is relatively higher in the 
eastern part than in the western one. Sun et al. (2001, 2003 and 2004) early presented 
a similar boundary in shear wave velocity of the crust and upper mantle. A different 
shear wave velocity is also observed in eastern and western Qiangtang block (QT) at a 
depth in the range 150 - 250 km. The lithosphere of the eastern Qiangtang block (QT) 
with the thickness of about 165 km, is thicker than in the western area, while the 
asthenospheric thickness beneath the eastern Qiangtang block (QT) is relatively thin. 
The approximately NS-directed boundary is close to the Yadong-Anduo rift system, 
where there the tectonics is different in eastern and western areas. The west-east wide 
angle seismic profile from Selin Co to Yaanduo, acquired by the Sino-French joint 
seismic program in 1982, indicated that the shear wave velocities of the western 
section is lower than that of eastern part (Hirn et al., 1984; Chen et al., 1985; Sun et 
al., 1985). The heat flow and temperature distribution (Ma et al., 2001) is apparently 
different going from east to west in the Qinghai-Tibet Plateau. The shear wave 
velocity structure (Su et al., 2002), inverted from fundamental mode Rayleigh wave, 
shows that there is different shear wave velocity in the crust in the Qinghai-Tibet 
Plateau. This boundary is seen with different properties in our results, and this may be 
due to the different observations, data processing and their resolution. We consider 
that the boundary is not linear, may be a belt with a width of 2° ~ 3°. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) Low velocity zone beneath the Qiangtang block (QT) 
There is a relatively low velocity lower crust with an average Vs of about 3.60 
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Fig. 7.5 Maps of horizontal perturbation of shear wave velocity distribution at the depths of 8 km 
and 16 km. 
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km/s in the western Qiangtang block (QT). Under the low velocity lower crust the 
Mohorovicic discontinuity extends to a depth of about 80 km. INDEPTH I-II P to S 
converted teleseismic waves show a north dipping interface from Yarlung-Zangbo 
Suture belt (YZS) to Bangong-Nujiang Suture belt (BNS) (Kosarev et al., 1999). The 
Qiangtang block (QT) has a thin lithosphere, especially in the western area, which is 
to the west of 90oE - 92oE. Under a thin fast lid with Vs of about 4.7 km/s, the bottom 
of lithosphere reaches a depth of about 130 km in the western Qiangtang block (QT). 
Seismic tomography by Wittlinger et al. (1996) displayed abnormal high upper mantle 
velocities beneath Bangong-Nujiang Suture belt (BNS). The asthenosphere at a depth 
in the range 130-320 km beneath the Qiangtang block (QT) is well developed in 
whole Qianghai-Tibet Plateau with the lowest velocity of about 4.35 km/s. Along the 
400 km-long seismic line INDEPTH III in central Tibet, the lower crust and the upper 
mantle show unusually low velocities (Meissner et al., 2004). Global tomography 
(Zhou et al., 2002) also showed a low velocity zone which reaches a depth of about 
310 km beneath the central Tibet between 85ºE and 93ºE. Brandon and Romanowicz 
(1986) early presented a low velocity upper mantle beneath the Qiangtang platform 
using phase velocity dispersion of Rayleigh wave. Xu et al. (1996) suggested that 
multi-level high-temperature anomaly layers (or melting layers) and hot plumes exists 
in the interior of the plateau from the study of the seismic converted waves. Strong 
attenuation of Sn wave (Ni et al., 1983) and shear wave anisotropy (McNamara et al., 
1994) indicated a high temperature mantle beneath the Qiangtang block (QT), where 
Cenozoic volcano was active (Deng et al., 1989), thus it is called hot Qiangtang. To be 
consistent with the presence of a Cenozoic volcano in this region, Deng et al. (1996, 
1998) proposed that the present-day lithosphere is a cooled Miocene asthenosphere 
and suggested that the lithosphere is in delamination. We have not found a volume of 
lithosphere root delaminated into the asthenosphere. So we think that the underplating 
of asthenosphere may thin the lithosphere. This buoyancy might be the main 
mechanism and deep dynamics of the uplift of the Qinghai-Tibet hinterland. Here 
potassic volcanic rocks with Sr, Nd, Pb isotopic compositions represent primitive 
crust-mantle mix material. Obviously, the formation of the low velocity zone in the 
crust is connected with deep asthenosphere. The transport of hot material with low 
velocity intrudes the upper mantle and the lower crust along cracks and faults. 
The volcanic rocks, derived from the mantle and the crust, show that during the 
Cenozoic volcanic activity there are many volcanic thermal events in Qiangtang block 
(QT). These volcanic thermal events are closely related to the formation and evolution 
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of the oil &gas-bearing basin, which is similar to the tectonic settings of the oil &gas 
fields in eastern China and in the world. It is very essential to study the volcanic 
activities zoning for petroleum exploration and potential evaluation in hydrocarbon- 
bearing basins. 
7.2 Conclusions 
The Qinghai-Tibet Plateau, the largest and highest plateau on the Earth, attracts 
geoscientist to study the interior structure and material properties of the 
lithosphere-asthenosphere system and understand the deep processes and dynamic 
responses. 
In the study area the long period seismic records are collected with magnitude 
larger than 5.0 from global and regional seismic networks during the period 
1966-2007. Fundamental mode of Rayleigh waves is measured using the 
frequency-time analysis (FTAN) and 791 dispersion curves are obtained and 
processed. A 2-D surface-wave tomography method (Yanovskaya and Ditmar, 1990) 
is applied to calculate the lateral variations in group velocity distribution at different 
periods in the range of 8-150 s in the study area (20oN-50oN, 70oE-110oE). To be 
consistent with the lateral resolution of about 200 km, the dispersion curves of 181 
cells with size 2o× 2o are regionalized and simultaneously inverted with the 
non-linear inversion method known as “Hedgehog” (Knopoff, 1972; Panza, 1981). 
The representative cellular models are selected by means of the local smoothness 
optimization (LSO) (Panza et al., 2007; Boyadzhiev et al., 2008). From the velocity 
values of the layer of the models, the thicknesses of the crust, lithosphere and 
asthenosphere can be determined. The main results obtained can be summarized as 
follows.  
(1) The 2-D tomography method, proposed by Yanovskaya and Ditmar, is 
performed to calculate the group velocity at different period. The method can estimate 
the resolving power of the data and does not require a priori parameterization. It 
permits the definition of the optimal grid size consistent with data resolution. The 
nonlinear method known as Hedgehog can simultaneously invert the velocity and 
thickness of layers. In order to obtain appropriate and reliable representative cellular 
solution, LSO should be performed in each region with different starting cell (SC). 
(2) The crust is very thick in the Qinghai-Tibet Plateau, varying from 60 km to 80 
km, while the lithosphere is relatively thinner (125 - 160 km) than that of its adjacent 
areas. The asthenosphere of the Qinghai-Tibet Plateau is thicker, varies from 100 km 
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to 200 km, and the thickest area is located in the western Qiangtang block (QT). India 
has a thinner crust (32-42 km), a thicker lithosphere with thickness of about 190 km 
and a rather thin asthenosphere. Sichuan (SC) and Tarim (TRM) basins have a crustal 
thickness less than 50 km. Their lithospheres are thicker than that in the Qinghai-Tibet 
Plateau, and their asthenospheres are thinner. The crustal thickness of Qaidam Basin 
(QDM) is about 55 km. The basin has about 165 km thick lithosphere and the 
asthenosphere has a thickness of about 140 km.  
(3) Since 55 Ma the Indian subcontinent collided with the Eurasian Plate, formed 
the largest and highest Qinghai-Tibet Plateau. The profiles crossing the Main 
Boundary Thrust (MBT) indicate that the uppermost mantle of the Indian Plate is 
clearly subducted almost horizontally beneath the Himalaya block (HM) and Lhasa 
block (LS), and it ends the Bangong- Nujiang Suture belt (BNS). The Indian lid is 
subducted with large-angle beneath Eurasian Plate before the Yalung-Zangbo Suture 
belt (YZS). 
(4) Inside the plateau two blocks can be recognized, divided by a NNE striking 
boundary running between 90ºE ~ 92ºE. The shear wave velocity of the upper crust is 
relatively higher in the eastern part than in the western one. The lithosphere of the 
eastern Qiangtang block (QT) with thickness in the range 160-17 0km, is thicker than 
that is in the western area. And the asthenospheric thickness beneath the eastern 
Qiangtang block (QT) is relatively thinner. The boundary between the eastern 
Qinghai-Tibet Plateau and the western one may be a belt with a width of 2°~3°.  
(5) The continental surface loss by the kinematic shortening is not equivalent to 
the crust thickening since the collision of Indian Plate and Eurasian Plate in the 
highest plateau. The missing material has been laterally extruded along a channel 
between the Jinshajiang Suture belt (JSJS) and Bangong-Nujiang Suture belt (BNS), 
and rotated around the eastern Himalayan Syntaxes. It is inferred that the source of 
the lateral extrusion may be in Qiangtang block (QT) and the global eastward flow of 
the astenosphere with respect to the overlying lithosphere. 
(6) In the western Qiangtang block (QT) the shear wave velocity of the lower 
crust and the upper mantle are unusually low and the lithosphere is not thick. The 
formation of the low velocity zone may be connected with the deep asthenosphere. To 
be consistent with the presence of the active Cenozoic volcano, we suggest that the 
Qiangtang block (QT) is hot. It is thought that the underplating of asthenosphere may 
thin the lithosphere and the buoyancy might be the main mechanism of deep 
dynamics of the uplift of the Qinghai-Tibet hinterland. 
 102
Acknowledgments 
From 2006 to 2009, I have been studying the structure of the 
lithosphere-asthenosphere system beneath Qinghai-Tibet Plateau and its adjacent 
areas (20ºN-50ºN, 70ºE-110ºE) at the Institute of Geology and Geophysics, Chinese 
Academy of Sciences, at the Department of Earth Sciences (DST), University of 
Trieste, and at the Abdus Salam International Centre for Theoretical Physics (ICTP), 
UNESCO. I wish to express my sincere gratitude to many people who helped in my 
study. The work would not have been fulfilled without their abundant helps.  
I am expressing my deep gratitude to my Italian supervisor, Prof. G F Panza for 
his constructive instructions and for offering this excellent opportunity. Deepest 
gratitude is also due to my Chinese supervisor, Acad. Teng Jiwen, who gave me 
abundant helps and offered unselfish support and valuable guidance. I wish to thank 
to Prof. Sun Ruomei for her constant encouragement and many useful suggestions. 
I would like to offer my gratitude to Prof. Zhang Zhongjie and Prof. Ding 
Zhifeng for providing this study opportunity and for giving to me a great deal of 
valuable advices. 
I am extremely grateful to Prof. S S Rai for providing the seismic records of 
some Indian stations, and to Prof. T Yanovskaya for her tomography code. Also I 
acknowledge the NCDSN for providing seismic data. 
I am grateful to Dr. Fabio Romanelli for his instructions and handling the 
documents of the internationalization program, to Dr. Franco Vaccari for his 
instructions in using some software in the Mac server, to Enrico Brandmayr for his 
kindly help me to use some programs, to Gabriella De Meo for her help, also to Dr. 
Cristina La Mura and Enrica Laprocina for their help while I was in Italy.  
I would also like to convey thanks to Dr. Tian Xiaobo, Dr. Chen Yun, Dr. Ma 
Xiaobing, Mrs. Yan Yafen for their many help and to Mr. Su Hong, Mr. Chang 
Zhonghua, Mrs. Tie Cuixia, Mr. Liuqiang, Mrs. Liuwei for their important assistances.  
Thanks to all my classmates, Yang Hui, Zhang Hongshuang, Zhang Yongqian, 
Fang Lihua, Zhang Sufang et al. Thanks to the Internet for offering me abundant 
reference materials. 
Deep and sincere thanks are expressed to my dear husband, Dr. Cao Xiaolin and 
my lovely son, Cao Weichen, who gave me a great deal of kindly helps in my life. I 
give my special thanks to my parents for their unself love and encouragement in my 
life.  
 103
This work is supported by Italian MUR and University of Trieste in the 
framework of the Internationalization PhD Program (2004-2006): Advanced 
methodologies in the field of geophysics and geodynamics (Prot. II04A1CHC8) 
Coordinated by Giuliano F. Panza. It is also supported by the National Natural 
Science Foundation of China (Grant Nos. 40804009 & 40674048) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 104
References  
(1) Aki K, Richards P G, 1980. Quantitative seismology. Freeman and Co. New York.  
(2) An C, Song Z, Chen G, 1993. 3-D shear wave velocity structure of Northwest China. Acta 
Geophys Sinica, 36: 317-325.(in Chinese) 
(3) Anderson D L, Hart R S, 1976. An Earth Model Based on Free Oscillations and Body Waves, 
J Geophys Res, 81(8): 1461-1475. 
(4) Argand E, 1924. La tectonique de l’ Asie. International Geological Congress Report Session, 
13(1): 170-372.  
(5) Backus G E, Gilbert J F, 1968. The resolving power of gross Earth data. Geophys J R Astr Soc, 
16: 168-205. 
(6) Backus G, Gilbert J F, 1970. Uniqueness in the inversion of inaccurate gross Earth data. Phil 
Trans Roy Soc, A, 266: 123-192. 
(7) Beaumont C Jamieson R A, Nguyen M H, et al., 2001. Himalayan tectonics explained by 
extrusion of a low viscosity crustal channel coupled to focused surface denudation. Nature, 
414: 738-742.  
(8) Beghoul N, Barazangi M, Isanck B, 1993. Lithosphere structure of Tibet and western North 
America: mechanism of uplift and a comparative study. J Geophys Res, 98(B2): 1997-2016. 
(9) Besse J, Courtillot V, 1988. Paleogeographic maps of the continents bording the Indian ocean 
since the Early Jurassic. J Geophys Res, 93: 11791-11808. 
(10) Bhattacharya S N, 1981. Observation and inversion of surface wave group velocity across 
central India. Bull Seism Soc Amer, 71(5): 1489-1501. 
(11) Boschetti F, Dentith M C, List R D, 1996. Inversion of seismic refraction data during using 
genetic algorithms. Geophysics, 61: 1715-1727 
(12) Boschetti F, Moresi L, 2001. Interactive inversion in geosciences. Geophysics, 66: 1226- 
1234. 
(13) Boyadzhiev G, Brandmayr E, Pinat T, Panza G F, 2008. Optimization for non-linear inverse 
problems. Rendiconti Lincei. 19: 17-43. 
(14) Brandon C, Romanowicz B, 1986. A “no-lid” zone in the central Chang-Tang platform of 
Tibet: Evidence from pure-path phase velocity measurement of long period Rayleigh waves. J 
Geophys Res, 91 (B6): 6547-6564. 
(15) Bryson A E, Ho Yu Chi, 1975. Applied optimal control. Taylor &Francis, 480. 
(16) Burtman V S, Molnar P, 1993. Geological and geophysical evidence for deep subduction of 
continental crust beneath the Pamir. Spec Pap-Geol Soc Am, 281: 76. 
(17) Chang Chengfa, Shackleton R M, Dewey J F, et al., 1988. The Geological Evolution of 
Tibet,. London: The Royal Society. 
 105
(18) Chen Guoying, Zeng Rongsheng, 1985. The difference of lithospheric structure between 
Himalayan mountain and Tibetan plateau from surface wave dispersion. Acta Geophysica 
Sinica, 28 (Supp I): 161-173. (in Chinese) 
(19) Chimera G, Aoudia A, Sarao A, et al., 2003. Active tectonics in Central Italy: constraints 
surface wave tomography and source moment tensor inversion. Phys Earth Planet Inter, 138: 
241-262.  
(20) Chunduru R K, Sen M K, Stoffa P L, 1996. 2-D resistivity inversion using spline 
parameterization and simulated annealing. Geophysics, 61: 151-161. 
(21) Curtis A, Trampert J, Snieder R, 1998. Eurasian fundamental mode surface wave phase 
velocities and their relationship with tectonic structures. J Geophys Res, 103: 26919-26947. 
(22) De Groot-Hedlin C, Constable S, 1990. Occam’s inversion to generate smooth, 
two-dimensional models from magnetotelluric data. Geophysics, 55:1613-1624. 
(23) Deng J F, Zhao H L, Mo X X, et al., eds., 1996. Continental Roots-plume Tectonics of 
China-Key to the Continental Dynamics. Beijing: Geol. Pub. House, 26-27. (in Chinese) 
(24) Deng J F, Mo X X, Zhao H L, et al., 1998. Material of crust and mantle and deep process. 
Earth Science Frontiers, 5 (3): 67-74. (in Chinese) 
(25) Deng J F, MO X X, Zhao H L, et al., 2004. A new model for the dynamic evolution of 
Chinese lithosphere :’continental roots-plume tectonics’. Earth-Sci Rev, 65: 223-275.  
(26) Deng W, 1989. Cenozoic volcanics in northern region of Ali, Tibet. Acta Petroologica Sinca, 
(3): 1-11. (in Chinese) 
(27) Deng W, Zhong D, 1997. Crust-mantle transitional zone and its geological significance in 
the lithospheric tectonic evolution. Chinese Science Bulletin, 42(23): 2474-2482. (in Chinese) 
(28) Devilee R J R, 1999. An efficient, probabilistic neural network approach to soving inversion 
problems: Inverting surface wave velocities for Eurasian crustal thickness. Journal of 
Geophys Res, 104: 28841- 28857. 
(29) Dewey J F, Shackleton R M, Chang C, et al., 1988. Tectonic evolution of Tibetan Plateau. 
Philosophical Transactions of the Royal Society, London, A 327, 379-413. 
(30) Dewey J F, Cande S, Pitman W C, 1989. Tectonic evolution of the India-Eurasia collision 
zone. Eclogae Geologica Helvetiae, 82: 717-734. 
(31) Ding Z, He Z, Wu J, et al., 2002. Research on the 3-D seismic structures in Qinghai-Xizang 
Plateau. Earthquake Research in China, 16(1): 27-38. 
(32) Ding Z F, He Z Q, Wu J P, et al., 2001. Study on the 3-D velocity structure in 
Qinghai-Tibetan plateau. Earthquake research in China, 17(2): 202-209. (in Chinese) 
 106
(33) Ditmar P G, Yanovskaya T B, 1987. Generalization of Backus-Gilbert method for estimation 
of lateral variations of surface wave velocities. Phys Solid Earth, Izvestia Acad. Sci U S S R 
23(6): 470-477. 
(34) Dunkin J W, 1965. Computation of modal solutions in layered, elastic media at a high 
frequencies. Bull Seism Soc Am. 55: 335- 358. 
(35) Dziewonski A, S Bloch, M Landisman, 1969. A technique for the analysis of transient 
seismic signals, Bull Seism Soc Am, 59(1): 427-444. 
(36) Institute of Geophysics, Academia Sinica, 1981. Explosion Seismic Study for Velocity 
Distribution and Structure of the Crust and Upper Mantle from Damxung to Yadong of Xizang 
Plateau. Aata Geophysica Sinica, 24(2): 155-170. (in Chinese) 
(37) England P C, Houseman G, 1988. The mechanism of the Tibetan plateau. Philosophical 
Transactions of the Royal Society, London, A 326: 301-319 
(38) Farina B, 2006. Lithosphere-asthenosphere system in Italy and surrounding areas: 
optimized non-linear inversion of surface-wave dispersion curves and modeling of gravity 
Bouguer anomalies. PhD thesis, University of Trieste. 
(39) Gao J, Shi Y, Zhang H, et al., 2009. Numerical simulation of GPS observed clockwise 
rotation around the eastern Himalayan syntax in the Tibetan Plateau. Chinese Sci Bull, 54(8): 
1398-1410 
(40) Godin L Grujic D, Law R D, et al., 2006. Channel flow, ductile extrusion and exhumation in 
continental collision zones: an introduction. Geological Society, 268: 1-23.  
(41) Gonzalez O, Aalvarez L, Guidarelli M, et al., 2007. Crust and upper mantle structure in the 
Caribbean region by group velocity tomography and regionalization. Pure Appl Geophys, 164: 
1985-2007. 
(42) Griot D A, Montagner J P, 1998. Phase velocity structure from Rayleigh and Love waves in 
Tibet and its neighboring regions. J Geophys Res, 103: 21215-21232. 
(43) Guidarelli M, Sarao A, Panza G F, 2002. Surface wave tomography and seismic source 
studies at Campi Flegrei (Italy). Phys Earth Planet Inter, 134: 157-173.  
(44) Haskell N A, 1953. The dispersion of surface waves on multilayered media. Bull Seism Soc 
Am, 43: 17-34.  
(45) He Zhengqin, Ding Zhifeng, Ye Tailan, et al., 2002. The group velocity distribution of 
Rayleigh waves and crustal and upper mantle velocity structure of the Chinese mainland and 
its vicinity. Acta Seismologica Sinica, 24(3): 252-259. 
(46) Herrmann R B, 1994. Computer program in seismology, vol IV, St Louis University. 
 107
(47) Hirn A, Lepine J C, Jobert G, Sapin M, Wittlinger G,  Xu Z X, Gao E Y, Wang X J, Teng J 
W, Xiong S B, Pandey M R, Tater J M, 1984. Crustal structure and variability of Himalayan 
border of Tibet. Nature, 307: 23-25. 
(48) Hirn A, Nercessian A, Sapin M, Jobert G, Xu Z X, Gao E Y, Wang X J, Lu D Y, Teng J W, 
1984. Lhasa block and bordering sutures—a continuation of a 500km Moho traverse through 
Tibet. Nature, 307: 25-27. 
(49) Hirn A, Sapin M, Lepine J C, et al., 1997. Increase in melt fraction along a south-north 
traverse below the Tibetan Plateau: evidence from seismology. Tectonophysics, 273: 17-30. 
(50) Huan W, Shi Z, Yan J, et al., 1979. Characteristics of the recent tectonic deformations of 
China and its vicinity. Acta Seismologica Sinica, 1: 109-120. 
(51) Huang Z, Su W, Peng Y, et al., 2003. Rayleigh wave tomography of China and adjacent 
region. J Geophys Res, 103(B2.) 
(52) Jagadeesh S, Rai S S, 2007. Thickness, composition, and evolution of the Indian 
Precambrian crust inferred from broadband seismological measurements. Precambrian 
Research, PRECAM-2876, 1-12. 
(53) Jiang M, Galve A, Hirn A, et al., 2006. Crustal thickening and variations in architecture 
from the Qaidam basin to Qang Tang (North-Central Tibetan Plateau) from wide-angle 
reflection seismology. Tectonophysics, 412: 121-140. 
(54) Johnson M R W, 2002. Shortening budgets and the role of the continental subduction during 
the Indian-Asia collision. Earth-Science Review, 59: 101-123. 
(55) Karagianni E E, Panagiotopoulos D G, Panza G F, et al., 2002.  Rayleigh wave group 
velocity tomography in Aegean area. Tectonophysics, 358: 187-209. 
(56) Kind R, Ni J, Zhao W, et al., 1996. Evidence from earthquake data for partially molten 
crustal layer in Southern Tibet. Science, 274(5293): 1692-1694. 
(57) Knopoff L, 1964. A matrix method for elastic wave problems. Bull Seism soc Am. 54: 431- 
438. 
(58) Knopoff L, 1972. Observations and inversion of surface-wave dispersion. In: The Upper 
Mantle. Tectonophysics, Ritsema A R ed. 13: 497-519.   
(59) Kong X, Wang Q, Xiong S, 1999. Comprehensive geophysical profile and lithosphere 
structures and geodynamics in western Qinghai-Xizang (Tibetan) Plateau. Chinese Science 
Bulletin, 44 (12 ): 1257-1265.  
(60) Kosarev G, Kind R, Sobolev S V, et al., 1999. Seismic evidence for a detached Indian 
Lithospheric mantle beneath Tibet. Science, 283: 1306-1309.  
 108
(61) Lave J, Avouac J P, Lacassin R, et al., 1996. Seismic anisotropy beneath Tibet: evidence for 
eastward extrusion of the Tibetan lithosphere? Earth and Planetary Science Letters, 140: 
83-96.  
(62) Le Pichon X, Fournier M, Jolivet J, 1992. Kinematics, topography, shorting and extrusion in 
the India- Eurasia collision. Tectonics, 11: 1085-1098.  
(63) Levshin A, V Pisarenko, G Pogrebinsky, 1972. On a frequency-time analysis of oscillations, 
Ann Geophys, 28: 211-218.  
(64) Levshin A, LRatnikova, J Berger, 1992. Peculiarities of surface-wave propagation across 
central Eurasia, Bull Seism Soc Am, 82(6): 2464-2493. 
(65) Li C, Van del Hilst R D, Toksoz M N, 2006. Constraining P-wave velocity variations in 
upper mantle beneath Southeast Asia. Phys Earth Planet Inter, 154: 180-195. 
(66) Li C, Van del Hilst R D, Meltzer A S, et al., 2008. Subduction of Indian lithosphere beneath 
the Tibetan Plateau and Burma. Earth Planet Sci Lett, 274: 157-168. 
(67) Li S, Mooney W D, Fan J, 2006. Crustal structure of mainland china from deep seismic 
sounding data. Tectonophysics, 420: 239-252. 
(68) Li T, Gao R, Wu G, 1999. Lithospheric evolution and geodynamic process of the 
Qinghai-Tibet Plateau: a inspiration from the Yadong-Golmud-Ejin geoscience transect. Acta 
Geologica Sinica, 73(2): 173-180. 
(69) Li Y, Wu Q, Zhang R, et al., 2009. The lithospheric S-velocity of the western Yangtze craton 
inferred from surface waves inversion. Chinese Journal of Geophysics, 52(7): 1757-1767. (in 
Chinese) 
(70) Liu M, Mooney W D, Li S, et al., 2006. Crustal structure of the northeastern margin of the 
Tibetan plateau from the Songpan-Ganzi terrane to the Ordos basin. Tectonophysics, 420: 
253-266.   
(71) Lithosphere Research Center, CAGS and Institute of Geology, MGMR, 1996. Lithospheric 
Structure and Evolution of the Qinghai-Tibet Plateau. Geological Publishing House, Beijing. 
(in Chinese) 
(72) Lomax A J, Snieder R, 1995. The contrast in upper mantle shear-wave velocity between the 
East European Platform and tectonic Europe obtained with genetic algorithm inversion of 
Rayleigh-wave group dispersion. Geophysical Journal International, 123: 169- 182.  
(73) Ma X, Kong X, 2001. The thermal status of Qinghai-Tibet Plateau and the differences 
between the western and the eastern plateau. Progress in Geophysics, 16(3): 12-20. (in 
Chinese) 
 109
(74) Makovsky Y, Klemperer S L, Ratschbacher L, et al., 1996. INDEPTH wide-angle reflection 
obvervation of P-wave to S-wave conversion from crustal bright spots in Tibet. Science, 
274(5293): 1690-1691. 
(75) Makovsky Y, Klemperer S L, 1999. Measuring the seismic properties of Tibetan bright 
spots: Evidence for free aqueous fluids in the Tibetan middle crust. Journal of Geophysical 
Research, 104(135): 10795-10825. 
(76) Martinez M D, Lana X, Olarte J, et al., 2000. Inversion of Rayleigh wave phase and group 
velocities by simulated annealing. Phys Earth Planet Inter, 122: 3-17. 
(77) McNamara D E, Owens T J, Silver P G, et al., 1994. Shear wave anisotropy beneath the 
Tibetan Plateau. J Geophys Res, 99: 13655-13665. 
(78) Meissner R, Tilmann F, Haines S, 2004. About the lithosphere structure of central Tibet, 
based on seismic data from the INDEPTH III profile. Tectonophysics, 380: 1-25.  
(79) Milton B. Dobrin. 1951. Dispersion in seismic surface waves. Geophysics. 16(1): 63 
(80) Mohan G, Rai S S, Panza G F, 1992. Seismic heterogeneities in the India lithosphere. Phys 
Earth Planet Inter, 73: 189-198.  
(81) Mohan G, Rai S S, Panza G F, 1997. Shear velocity of the laterally heterogeneous crust and 
uppermost mantle beneath the India region. Tectonophysics, 277: 259-270. 
(82) Molnar P, England P, Martinod J, 1993. Mantle dynamic, uplift of Tibetan Plateau and the 
Indian monsoon. Rev Geophys, 31: 357-396. 
(83) Natele M, Nunziata, Panza G F, 2005. Average shear wave velocity of crustal structure at 
MT. Vesuvius. Phys Earth Planet Inter, 152: 7-21. 
(84) Nelson K D, Zhao W, Brown L D, et al., 1996. Partially molten middle crust beneath 
southern Tibet: synthesis of Project INDEPTH results. Science, 274: 1684-1687. 
(85) Ni J, Barazangi M, 1983. High-frequency seismic wave propagation beneath the Indian 
Shield, Tibetan Plateau and surrounding regions：high uppermost mantle velocities and 
efficient Sn propagation beneath Tibet. Geophys J R Astron Soc, 72: 665-689. 
(86) Nikolai M Shapiro, Michael H Ritzwoller, Peter Molnar, et al., 2004. Thinning and flow of 
Tibetan crust constrained by seismic anisotropy. Science, 305: 233-236. 
(87) Nolet G, 1981. Linearized inversion of teleseismic data. in: The solution of the inverse 
problem in geophysical interpretation, R Cassinis (Ed.), Plenum Press, New York. 9-37. 
(88) Owens T J, Zandt G, 1997. Implication of crustal property variations for models of Tibetan 
plateau evolution, Nature, 387: 37-42. 
(89) Pan Y S, 1998. Formation and uplifting and its mechanism of the Tibetan Plateau. in：Pan Y 
S, eds. Lithospheric Structure Evolution and Dynamics of the Tibetan Plateau. Shanghai：
Shanghai Scientific and Technical Publishers, 403-409. (in Chinese) 
 110
(90) Panza G F, S Mueller, 1978-1979. The plate boundary between Eurasia and Africa in the 
Alpine area. Memorie di Scienze Geologiche, XXXIII: 43-50. 
(91) Panza G F, 1981. The resolving power of seismic surface waves with respect to crust and 
upper mantle structural models. In: the solution of the inverse problem in geophysical 
interpretation. Cassinis R edit, Plenum Publ Corp, 39-77. 
(92) Panza G F, Pontevivo A, 2004. The Calabrian Arc: a detailed structural model of the 
lithosphere-asthenosphere system. Rendiconti Accademia Nazionale delle Scienze detta dei 
XL Memorie di Scienz e Fisiche e Naturali, 1220, XXVIII: 51-88. 
(93) Panza G F, Peccerillo A, Aoudia A, Farina B, 2007. Geophysical and petrological modelling 
of the structure and composition of the crust and upper mantle in complex geodynamic 
settings: The Tyrrhenian Sea and surroundings. Earth-Sci Rev, 80: 1-46.  
(94) Panza G F, Raykova R B, Carmimati E, et al., 2007. Upper mantle flow in western 
Mediterranean. Earth and Pla Sc Lett, 257: 200-214. 
(95) Panza G F, Peccerillo A, Aoudia A, et al., 2007. Geophysical and petrological modeling of 
the structure and composition of the crust and upper mantle in complex geodynamic settings: 
The Tyrrhenian Sea and surroundings. Earth Science Reviews, 80: 1-46. 
(96) Panza G F, Doglioni C, Levshin A, 2010. Asymmetric ocean basins. Geology, 38(1): 59-62. 
(97) Pico R, 1999. Determinacion del umbral de semejanza βo para los algoritmos de 
agrupamien to logico-combinatorios, mediante el dendrograma de un algoritmo jerarquico, 
SIARP’99, IV Simposio Iberoamericano de Reconocimiento de Patrones. Memorias, 259-265. 
(98) Pontevivo A, Panza G F, 2002. Group velocity tomography and regionalization in Italy and 
bordering areas. Phys Earth Planet Int, 134: 1-15. 
(99) Powell C M, Conaghan P J, 1973. Plate tectonics and the Himalaya. Earth and Planetary 
Science Letters, 20: 1-12. 
(100) Rao N P, Kumar M R, Tsukuda T, 2003. Current deformation of Himalaya- Tibet- Burma 
seismic belt: inferences from seismic activity and strain rate analysis. Journal of Geodynamics, 
36: 485-496. 
(101) Rao V V, Sain K, Reddy P R, et al., 2006. Crustal structure and tectonic of the northern part 
of the Southern Granulite Terrane, India. Earth and Pla Sc Lett, 251: 90-103. 
(102) Raykova R B, Panza G F, 2006. Surface wave tomography and non-linear inversion in the 
southeast Carpathians. Phys Earth Planet Int, 157: 164-180. 
(103) Riguzzi F, Panza G F, Varga P, et al., 2009. Can earth’s rotation and tidal despinning derive 
plate tectonics? Tectonophysics. (in Press)  
(104) Ritzwoller M, Levshin A, 1998. Eurasian surface wave tomography: group velocities. J 
Geophys Res, 103: 4839-4878. 
 111
(105) Rothman D H, 1985. Nonlinear inversion, statistical mechanics, and residual statics 
estimation. Geophysics, 50: 2784- 2796.  
(106) Royden L H, Burchfild B C, King R W, et al., 1997. Surface deformation and lower crustal 
flow in eastern Tibet. Science, 276: 788-790. 
(107) Ruiz J, Pico R, Lopez R, et al., 1992. PROGNOSIS y sus aplicaciones a las geociencias, In 
IBERAMIA-92, III Congreso Iberoamericano de Inteligencia Artificial, Memorias. Mexico: 
LIMUSA, 561-586. 
(108) Sambridge M, 1999. Geophysical inversion with a neighbourhood algorithm: I. Searching a 
parameter space. Geophys J Int, 138: 479- 494. 
(109) Schwab F, 1970. Surface-wave dispersion computations: Knopoff’s method. Bull Seism Soc 
Am, 60(5): 1491-1520. 
(110) Schwab F, Knopoff L, 1970. Surface-wave dispersion computations. Bull Seism Soc Am, 
60(2): 321-344.  
(111) Schwab F, Nakanishi K, Cuscito M, Panza G F, Liang G and Frez J. 1984. Surface-wave 
computations and the synthesis of the theoretical seismograms at high frequencies. Bull Seism 
Soc Am, 74: 1555- 1578.  
(112) Searle M P, Szulc A G, 2005. Channel flow and ductile extrusion of the high Himalayan 
slab-then Kangchenjunga- Darjeeling profile, Sikkim Himalaya. Journal of Asian Earth 
Sciences, 25(1): 173-185.  
(113) Sen M K, Stoffa P L, 1991. Nonlinear one-dimensional seismic waveform inversion using 
simulated annealing. Geophysics, 56: 1624- 1638.  
(114) Shapiro N M, Ritzwoller M H, 2002. Monte-Carlo inversion for a global shear velocity 
model of the crust and upper mantle. Geophys J Int, 151: 88-105. 
(115) Shackleton R M, 1981. Structure of Southern Tibet: report on a traverse form Lhasa to 
Khatmandu organised by Academia Sinica. Journal of Structural Geology, 3(1): 97-105. 
(116) Shapiro N, Ritzwoller M, 2002.  Monte-Carlo inversion for a global shear- velocity model 
of the crust and upper mantle. Geophys J Int, 151: 88-105. 
(117) Singh D D, 1999. Surface wave tomography studies beneath the Indian subcontinent. 
Geodynamics, 28: 291-301. 
(118) Song Z, An C, Chen G, et al., 1986. P-wave velocity structure of upper mantle in China and 
marginal seas. Acta Seismologica Sinica, 8: 263-274.(in Chinese) 
(119) Song Z H, An C Q, Chen G Y, et al., 1991. Study on 3D velocity structure and anisotropy 
beneath the west China from the Love wave dispersion. Acta Geophysica Sinica, 34 (6): 
694-707. (in Chinese) 
 112
(120) Song Z H, Chen G Y, An C Q, et al., 1993. 3D velocity structure of the crust and upper 
mantle beneath Chinese continent and seas. Science in China, Series B, 23 (2): 180-188. (in 
Chinese) 
(121) Stoffa P L, Sen M K, 1991. Nonlinear multiparameter optimization using genetic algorithms: 
Inversion of plane- wave seismograms. Geophysics, 56: 1794- 1810.   
(122) Sun R M, Zhang Z J, Teng J W, et al., 2001. Images of seismic tomography in the 
Qinghai-Tibet plateau. In:IAGA-IASPEI Joint Scientific Assembly, 311-311. 
(123) Sun R M, Zhang Z J, Zhu J S, 2003. Seismic evidence of mass eastern extrusion from 
surface wave tomography of Tibet. In: XXIII General Assembly of the International Union of 
Geodesy and Geophysics, B: 485-485. 
(124) Sun R, Zhang Z, Teng J, et al., 2004. Discussion on the lateral extrusion of Tibetan 
mass-evidence of surface wave tomography. In: Study on the Chinese continental deep 
structure and geodynamics (Zhang Z J et al., ed.). Beijing: Science Press, 872-880. (in 
Chinese) 
(125) Sun Kezhong, Teng Jiwen, 1985. The velocity distribution in the crust and upper mantle 
beneath the Xizang (Tibetan) plateau from long period surface waves. Acta Geophysica Sinica, 
28 (Supp I): 43-53. (in Chinese) 
(126) Tapponnier P, Molnar P, 1976. Slip line field theory and large-scale continental tectonics. 
Nature, 284: 319-324. 
(127) Tarantola A, 1987. Inverse problem theory, methods for fitting and model parameter 
estimation, Elsevier, Amsterdam.  
(128) Teng J, Kan J, Liu T, Zeng R, 1973. Refracted and Reflect Waves from Crystalline 
Basement in the Eastern Part of Chaidam Basin. Aata Geophysica Sininca, 16: 62-70. (in 
Chinese) 
(129) Teng J, et al., 1974. Deep Reflected Waves and the Structure of the Earth Crust of the 
Eastern Part of Chaidam Basin. Acta Geophysica Sinica, 17(2): 122-135. (in Chinese) 
(130) Teng J W, Sun K Z, Xiong S B, Yin Z X, Yao H, Chen L F, 1983. Deep seismic Reflection 
waves and the structure of the crust from Dangxung to Yadong on the Xizang Plateau (Tibet). 
Phys Earth Planet Int, 31: 293-306. 
(131) Teng J W, Yin Z X, Liu H B, et al., 1994. The 2D and 3D lithosphere structure and 
continental dynamics of Qinghai-Xizang Plateau. Acta Geophysica Sinica, 37 (Suppl I): 
117-130. (in Chinese) 
(132) Teng J W, Zhang Z J, Yang D H, et al., 1996. The study of geophysical for dividing terranes 
in Qinghai—Xizang Plateau. Chinese Journal of Geophysics, 39 (5): 629-641. (in Chinese) 
 113
(133) Teng Jiwen, Zhang Bingming, Hu Jiafu, et al., 1996. The research of deep medium and 
structural environment for earthquake “Pregnancy”. Advances in Seismology in China, 
Beijing: Seismological Press, 258-265. (in Chinese) 
(134) Teng J W, Xiong S B, Zhang Z J, 1997. Review and prospects for geophysical study of the 
deep lithosphere structure and tectonics in Qinghai-Xizang (Tibet) Plateau. Acta Geophysica 
Sinica, 40 (Suppl): 121-139. (in Chinese) 
(135) Teng Jiwen, Hu Jiafu, Zhang Zhongjie, et al., 1998. The Rayleigh wave dispersion and 3-D 
shear wave velocities structure in Himalayan collisional orogen and Qiangtang basin. Oil 
Geophysical Prospecting, 33(5): 632-648. (in Chinese) 
(136) Teng Jiwen, Zhang Zhongjie, Wang Guangjie, et al., 1999. The deep internal dynamic 
processes and new model of continental-continental collision in Himalayan collision. Chinese 
Journal of Geophysics, 42(4): 481-494. (in Chinese) 
(137) Teng J, Zeng R, Yan Y, et al., 2003. Depth distribution of Moho and tectonic framework in 
eastern Asian continent and its adjacent ocean areas. Science in China (Series D), 46(5): 
428-446.  
(138) Teng Jiwen, 2003. Dynamic process of substance and energy exchanges in depths of the 
earth and formation of mineral resources. Geotectonica et Metallogenia, 27(1): 3-21. (in 
Chinese) 
(139) Teng Jiwen, 2006. Geophysical research on the Qinghai-Tibet Plateau and discussion on 
some related problems. Earth Science Frontiers, 13(3): 19-22. (in Chinese) 
(140) Thomson Q T, 1950. Transmission of elastic waves through a stratified solid medium. 
Journal of Applied Physics, 21: 89-93.  
(141) Tilmann F, Ni J, INDEPTH Seismic Team, 2003. Seismic imaging of the downwelling 
Indian lithosphere beneath central Tibet. Science, 300:1424-1427.  
(142) Xiaobo Tian, Qingju Wu, Zhongjie Zhang et al., 2005. Joint imaging by teleseismic 
converted and multiple waves and its application in the INDEPTH-III passive seismic array. 
Geophysical Research Letters, 32: L21315.  
(143) Xiaobo Tian, Qingju Wu, Zhongjie Zhang, et al., 2005. Identification of multiple reflected 
phase from migration receiver function profile: an example for the INDEPTH-III passive 
teleseismic P waveform data. Geophysical Research Letters, 32: L08301. 
(144) Xu Z, Jiang M, Yang J, et al., 1996. Deep tectonophysic action of the Qinghai-Tibet Plateau 
uplift. Acta Geol Sin, 70: 195- 206. (in Chinese ) 
(145) Urban L, Cichowicz A, Vaccari F, 1993. Computation of analytical partial derivatives of 
phase and group velocities for Rayleigh waves with respect to structural parameters. Studia 
geoph. Et geod, 37: 14-36. 
 114
(146) Vuan A, Robertson Maurice S D, Wiens D A, et al., 2005. Crustal and upper mantle S-wave 
velocity structure beneath the Bransfield Strait (West Antarctica) from regional surface wave 
tomography. Tectonophysics, 397: 241-259.  
(147) Wang C, Gang H, 2004. Crustal structure in Tengchong Volcano-Geothermal Area, western 
Yunnan, China. Tectonophysics, 380: 69-87. 
(148) Willett S D, Beaumont C, 1994. Subduction of Asian Lithosheric mantle beneath Tibet 
inferred from models of continental collision. Nature, 369, 642-645. 
(149) Wittlinger G, Masson F, Poupinet G, et al., 1996. Seismic tomography of north Tibet and 
Kunlun: Evidence for crustal blocks and mantle velocity contrasts. Earth Planet Sci Lett, 139: 
263-279. 
(150) Woodhouse J, Dziewonski A, 1984. Mapping the upper mantle: three-dimensional modeling 
of earth structure by inversion of seismic waveform. J Geophys Res, 89: 5953-5986. 
(151) Wu G, Xiao X, Li T, 1989. Geotransect of Yadong-Gormud, Tibet Plateau. Acta Geologica 
Sinica, 63:285-296. (in Chinese)   
(152) Wu J, Ming Y, Ye T, et al., 1998. Upper mantle velocity structure in the Qinghai-Xizang 
Plateau from inversion of body waveform. Acta Geophysica Sinica, 41(Suppl): 15-25. (in 
Chinese) 
(153) Wu Q, Zeng R, 1998. The crustal structure of Qinghai-Xizang Plateau inferred from 
broadband teleseismic waveform. Acta Geophysica Sinica, 41(5): 669-679. (in Chinese) 
(154) Yamanaka H, Ishida H, 1996. Application of genetic algorithms to an inversion of surface 
wave dispersion data. Bull Seism Soc Am, 86: 436- 444. 
(155) Yanovskaya T B, Ditmar P G, 1990. Smoothness criteria in surface-wave tomography. 
Geophys J Int, 102: 63-72.  
(156) Yanovskaya T B, 1997. Resolution estimation in the problem of seismic ray tomography. 
Izv Phys Solid Earth, 33 (9): 762-765. 
(157) Yanovskaya T B, Antonova L M, Kozhevnikov V M, et al., 2000. Lateral variations of the 
upper mantle structure in Eurasia from group velocities of surface waves. Phys Earth Planet 
Inter, 122: 19-32. 
(158) Yanovskaya T B, Kozhevnikov V M, 2003. 3D S-wave velocity pattern in the upper mantle 
beneath the continent of Asia from Rayleigh wave data. Phys Earth Planet Inter, 138: 263-278. 
(159) Yang Y, Liu M, 2009. Crustal thickening and lateral extrusion during the Indo- Asian 
collision: a 3D viscous flow model. Tectonophysics, 465: 128-135.  
(160) Yao H J, Xu G M, Zhu L B, et al., 2005. Mantle structure from inter-station Rayleigh wave 
dispersion and its tectonic implication in western China and neighboring regions. Phys Earth 
Planet Inter, 148: 39-54. 
 115
(161) Yin A, Harrison M, 2000. Geologic evolution of the Himalayan-Tibetan Orogen. Ann Rev 
Earth Planet Sci, 28:211-280. 
(162) Zeng R, Kan R, He C, et al., 1960. A Study of the Crystalline Basement in Chai-Da-Mu 
Basin by Low-Frequency Refraction Seismic Method. Acta Geophysica Sinica, 9(2): 155-168. 
(in Chinese) 
(163) Zeng R, He C, Kan R, 1961. The Refracted Waves and Multiple Waves in Chai-Da-Mu 
Basin by low-frequency Seismic Refraction Work. DIQIU WULI XUEBAO, 10(1): 39-53. (in 
Chinese) 
(164) Zeng R, Kan R, He C, 1961. The Basement Head Waves and Wide-angle Reflected Waves 
in Chai-Da-Mu Basin by low-frequency Seismic Refraction Work. DIQIU WULI XUEBAO, 
10(1):54-66. (in Chinese) 
(165) Zeng R, Kan R, 1961. Deep sub-basement reflections in the west of Chai-Da-Mu Basin. 
DIQIU WULI XUEBAO, 10(2): 120-125. (in Chinese)  
(166) Zeng R S, Sun W G, 1992. Seismicity and focal mechanism in Tibetan Plateau and its 
implication lithospheric flow. Acta Seismologica Sinica (in Chinese), 1992, 14 (Suppl): 
534-563. 
(167) Zeng R, Ding Z, Wu Q, 1995. A review of lithospheric structures in the Tibetan Plateau and 
constraints for dynamics. Pure App Geoph, 145(3-4): 425-443. 
(168) Zeng R S, Ding Z F, Wu Q J, et al., 2000. Seismological evidences for the multiple 
incomplete crustal subductions in Himalaya and southern Tibet. Chinese Journal of 
Geophysics, 43 (6): 780-797. (in Chinese) 
(169) Zhang X, Sun R, Teng J, 2007. Study on crustal, lithospheric and asthenospheric thickness 
beneath the Qinghai-Tibet Plateau and its adjacent areas. Chinese Science Bulletin, 52(6): 
797-804. 
(170) Zhang Z, Li Y, Wang G et al., 2001. East-west crustal structure and “down~bowing” Moho 
under the northern Tibet, Science in China, Ser D, 5(6): 550-558.  
(171) Zhang Z, Teng J, Li Y et al., 2002. The crustal structure and mass escapes in southern Tibet 
Plateau. Science in China (Series D), 32(10): 793-798. (in Chinese) 
(172) Zhang J, 2005. West-east variation in crustal thickness in northern Lhasa block, central 
Tibet, from deep seismic sounding data. J Geophys Res, 110: 1-14. 
(173) Zhang Linbin, Yao Zhenxing, Ji Chen, et al., 1997. Fast stimulated annealing algorithm and 
its application. Oil Geophysical Prospecting, 32 (5): 654-661. (in Chinese) 
(174) Zhang P, Wang Q, Ma Z, 2002. GPS velocity field and active crustal deformation in and 
around the Qinghai- Tibet Plateau. Earth Science Frontiers, 9(2): 442-450.   
 116
(175) Zhang P, Shen Z, Wang M, et al., 2004. Continuous deformation of the Tibetan Plateau from 
global positioning system data. Geology, 32(9): 809-812.  
(176) Zhao J M, Mooney W D, Zhang X K, et al., 2006. Crustal structure across the Altyn Tagh 
Range at the northern margin of the Tibetan Plateau and tectonic implications. Earth Planet 
Sci Lett, 241: 804-814.  
(177) Zhao J, Liu G, Lu Z, et al., 2003. Lithosphereic structure and dynamic process of the 
Tianshan orogenic belt and the Junggar basin. Tectonophysics, 376: 199-239. 
(178) Zhao W L, Morgan W J, 1985. Uplift of the Tibetan plateau. Tectonics, 4(4): 359- 369. 
(179) Zhao W, Nelson K D, INDEPTH Project Team, 1993. Deep seismic reflection evidence for 
continental underthrusting beneath southern Tibet. Nature, 366: 557-559. 
(180) Zhao W, Nelson K D, Meissner R, et al., 1997.Advances of INDEPTH deep profiling study 
in Tibet and the Himalayas. Episodes, 20: 266-272.  
(181) Zhao W, Mechie J, Guo J, et al., 1997. Seismic mapping of crustal structures beneath the 
Indus-Yarlung suture, Tibet. Terra Nova, 9: 42-46. 
(182) Zhong D, Ding L, 1996. Rising process of the Qinghai-Xizang (Tibet) Plateau and its 
mechanism. Science in China (Series D), 39(4): 369-379. 
(183) Zhou Bing, Zhu Jieshou, Qin Jianye, 1991. Three-dimensional shear velocities structure 
beneath Qinghai–Tibet and its adjacent area Chinese Journal of Geophysics, (04): 426-441. 
(in Chinese) 
(184) Zhou H W, Michael M A, Lin Q L, 2002. Tomographic imaging of the Tibet and 
surrounding region：evidence for wholesale underthrusting of Indian slab beneath the Tibetan 
Plateau. Earth Science Frontiers, 9 (4): 285- 292. (in Chinese) 
(185) Zhu J S et al. edit, 1988. Computation Method in Seismology. Beijing: Seismological 
Publish House. 473-476. 
(186) Zhu J, Cao J, Cai X, et al., 2002. High resolution surface wave tomography in East Asia and 
West Pacific marginal seas. Acta Geophys Sinica, 45(5): 646-664.(in Chinese) 
(187) Zhu J S, Cao J M, Cai X L, et al., 2004. The structure of lithosphere in Eurasia and west 
Pacific. Advance in Earth Sciences, 19 (3): 388-392. (in Chinese) 
(188) Zhu L B, Xu Q, Chen X F, 2002. Group velocity of Rayleigh wave of Chinese continent and 
its adjacent seas. Chinese Journal of Geophysics, 45:475-482. (in Chinese)  
(189) Zhu R X, Hu X Y, 1995. Study on the resistivity structure of the lithosphere along the 
Golmud-Ejinqi geoscience transect. Acta Geophys Sinica, 38(supp II): 46-57.(in Chinese)  
(190) Zhuang Z, Fu Z, Lu Z, et al., 1992. Shear wave 3-D velocity structure of crust and upper 
mantle in Tibet and adjacent area. Acta Geophys Sinica, 35: 694-709.(in Chinese) 
 
 117
Appendix I 
Data used in the cellular non-linear inversion: group velocity data. In the 
following tables, A1.1, group velocity data, their single point error and r. m. s used in 
the non-linear inversion, are given for each 2oX2o cell. The single point error (ρg) for 
each value at a given period is estimated as the average of the measurement error at 
this period and the standard deviation of the dispersion values at the four corners. The 
measurement error is determined as the standard deviation of the measurements of the 
group velocity along similar wave paths. The r.m.s value for the whole dispersion 
curve is estimated as 65% of the average single point error, determined for all selected 
periods. 
 
Table A1.1: Group (U) velocity values at different periods (the maximum investigated range is 
from T=8 s to T=150 s) with the single point error (ρg) and the r. m. s values for each cell. 
 
 A11(22.0;92.0)  A12(22.0;94.0)  A13(22.0;96.0)  A14(22.0;98.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.477 0.0942 8 2.454 0.0945 8 2.502 0.0930 8 2.413 0.0939
9 2.479 0.0927 9 2.461 0.0930 9 2.497 0.0915 9 2.428 0.0924
10 2.482 0.0933 10 2.473 0.0936 10 2.492 0.0920 10 2.443 0.0930
12 2.489 0.0913 12 2.485 0.0916 12 2.481 0.0901 12 2.462 0.0910
14 2.493 0.0892 14 2.501 0.0895 14 2.463 0.0880 14 2.485 0.0889
16 2.503 0.0852 16 2.524 0.0855 16 2.454 0.0841 16 2.515 0.0850
18 2.524 0.0838 18 2.574 0.0840 18 2.458 0.0827 18 2.547 0.0836
20 2.566 0.0792 20 2.643 0.0783 20 2.473 0.0781 20 2.587 0.0790
25 2.768 0.0787 25 2.868 0.0781 25 2.667 0.0779 25 2.729 0.0786
30 2.884 0.0817 30 3.053 0.0817 30 2.934 0.0805 30 2.875 0.0812
35 3.038 0.0822 35 3.176 0.0827 35 3.171 0.0816 35 3.073 0.0823
40 3.288 0.0814 40 3.302 0.0819 40 3.343 0.0808 40 3.240 0.0816
45 3.442 0.0803 45 3.439 0.0808 45 3.483 0.0798 45 3.385 0.0805
50 3.549 0.0810 50 3.529 0.0811 50 3.575 0.0802 50 3.500 0.0810
60 3.705 0.0776 60 3.648 0.0776 60 3.668 0.0769 60 3.631 0.0776
70 3.749 0.0748 70 3.770 0.0746 70 3.708 0.0742 70 3.699 0.0748
80 3.784 0.0727 80 3.836 0.0725 80 3.708 0.0721 80 3.730 0.0727
90 3.797 0.0713 90 3.847 0.0711 90 3.689 0.0707 90 3.731 0.0714
100 3.786 0.0737 100 3.846 0.0737 100 3.668 0.0732 100 3.725 0.0738
120 3.777 0.0756 120 3.824 0.0755 120 3.635 0.0750 120 3.725 0.0755
150 3.773 0.0728 150 3.799 0.0731 150 3.611 0.0726 150 3.723 0.0725
r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.059 
 
 A15(22.0;100.0)  A16(22.0;102.0)  A17(22.0;104.0)  A18(22.0;106.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
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(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.653 0.0982 8 2.606 0.0945 8 2.638 0.0867 8 2.514 0.0825
9 2.649 0.0966 9 2.598 0.0930 9 2.629 0.0854 9 2.508 0.0813
10 2.646 0.0973 10 2.590 0.0936 10 2.618 0.0860 10 2.502 0.0816
12 2.655 0.0951 12 2.568 0.0916 12 2.600 0.0843 12 2.490 0.0800
14 2.675 0.0929 14 2.560 0.0895 14 2.592 0.0824 14 2.493 0.0783
16 2.688 0.0886 16 2.569 0.0855 16 2.590 0.0789 16 2.510 0.0751
18 2.725 0.0871 18 2.589 0.0841 18 2.599 0.0777 18 2.538 0.0739
20 2.756 0.0817 20 2.634 0.0790 20 2.615 0.0734 20 2.575 0.0700
25 2.851 0.0812 25 2.788 0.0786 25 2.728 0.0730 25 2.697 0.0697
30 2.955 0.0843 30 2.978 0.0813 30 3.015 0.0753 30 2.864 0.0721
35 3.094 0.0852 35 3.191 0.0823 35 3.344 0.0765 35 3.038 0.0734
40 3.226 0.0844 40 3.331 0.0815 40 3.515 0.0757 40 3.196 0.0727
45 3.368 0.0833 45 3.453 0.0804 45 3.614 0.0746 45 3.286 0.0716
50 3.532 0.0840 50 3.543 0.0811 50 3.687 0.0753 50 3.400 0.0721
60 3.701 0.0803 60 3.661 0.0776 60 3.741 0.0724 60 3.545 0.0696
70 3.752 0.0773 70 3.692 0.0748 70 3.733 0.0700 70 3.576 0.0674
80 3.791 0.0750 80 3.685 0.0727 80 3.694 0.0681 80 3.599 0.0657
90 3.791 0.0736 90 3.666 0.0714 90 3.648 0.0669 90 3.592 0.0646
100 3.781 0.0762 100 3.645 0.0738 100 3.622 0.0692 100 3.570 0.0668
120 3.763 0.0782 120 3.628 0.0757 120 3.609 0.0708 120 3.539 0.0683
150 3.759 0.0756 150 3.620 0.0725 150 3.610 0.0688 150 3.532 0.0668
r. m. s.  0.061 r. m. s.  0.059 r. m. s.  0.054 r. m. s.  0.052 
 
 B05(24.0;80.0)  B06(24.0;82.0)  B11(24.0;92.0)  B12(24.0;94.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.780 0.0927 8 2.859 0.0962 8 2.450 0.0965 8 2.492 0.0967
9 2.791 0.0913 9 2.968 0.0957 9 2.447 0.0951 9 2.478 0.0950
10 2.811 0.0919 10 3.001 0.0964 10 2.447 0.0959 10 2.464 0.0956
12 2.836 0.0900 12 3.080 0.0944 12 2.454 0.0938 12 2.452 0.0935
14 2.881 0.0880 14 3.115 0.0922 14 2.452 0.0916 14 2.436 0.0913
16 2.906 0.0842 16 3.128 0.0880 16 2.473 0.0875 16 2.444 0.0872
18 2.900 0.0827 18 3.151 0.0865 18 2.498 0.0859 18 2.474 0.0857
20 2.903 0.0778 20 3.165 0.0811 20 2.525 0.0807 20 2.537 0.0806
25 2.934 0.0774 25 3.237 0.0801 25 2.658 0.0805 25 2.704 0.0803
30 3.028 0.0803 30 3.315 0.0832 30 2.827 0.0833 30 2.864 0.0833
35 3.197 0.0812 35 3.408 0.0842 35 3.026 0.0843 35 3.059 0.0846
40 3.348 0.0805 40 3.532 0.0814 40 3.275 0.0835 40 3.221 0.0838
45 3.480 0.0794 45 3.544 0.0802 45 3.434 0.0823 45 3.371 0.0826
50 3.575 0.0800 50 3.608 0.0808 50 3.558 0.0826 50 3.476 0.0830
60 3.735 0.0765 60 3.708 0.0764 60 3.672 0.0790 60 3.601 0.0795
70 3.795 0.0737 70 3.761 0.0728 70 3.726 0.0758 70 3.691 0.0766
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80 3.837 0.0717 80 3.789 0.0708 80 3.750 0.0736 80 3.732 0.0744
90 3.856 0.0703 90 3.809 0.0690 90 3.753 0.0722 90 3.710 0.0729
100 3.870 0.0726 100 3.804 0.0713 100 3.741 0.0751 100 3.684 0.0754
120 3.873 0.0744 120 3.781 0.0730 120 3.726 0.0770 120 3.652 0.0772
150 3.854 0.0725 150 3.755 0.0700 150 3.715 0.0744 150 3.628 0.0756
r. m. s.  0.058 r. m. s.  0.059 r. m. s.  0.060 r. m. s.  0.060 
 
 B13(24.0;96.0)  B14(24.0;98.0)  B15(24.0;100.0)  B16(24.0;102.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.526 0.0940 8 2.665 0.0961 8 2.757 0.0962 8 2.636 0.0971
9 2.533 0.0924 9 2.673 0.0945 9 2.757 0.0947 9 2.629 0.0955
10 2.523 0.0927 10 2.676 0.0955 10 2.728 0.0954 10 2.621 0.0962
12 2.525 0.0908 12 2.688 0.0935 12 2.697 0.0933 12 2.616 0.0941
14 2.519 0.0887 14 2.697 0.0912 14 2.679 0.0911 14 2.619 0.0920
16 2.531 0.0847 16 2.694 0.0871 16 2.666 0.0870 16 2.627 0.0877
18 2.561 0.0834 18 2.703 0.0852 18 2.666 0.0855 18 2.651 0.0862
20 2.642 0.0789 20 2.719 0.0796 20 2.672 0.0805 20 2.675 0.0810
25 2.832 0.0785 25 2.793 0.0791 25 2.718 0.0800 25 2.751 0.0805
30 3.015 0.0813 30 3.014 0.0822 30 2.933 0.0828 30 2.929 0.0834
35 3.164 0.0824 35 3.255 0.0831 35 3.153 0.0838 35 3.122 0.0844
40 3.275 0.0817 40 3.357 0.0824 40 3.275 0.0830 40 3.268 0.0837
45 3.369 0.0806 45 3.419 0.0813 45 3.360 0.0818 45 3.380 0.0824
50 3.442 0.0809 50 3.504 0.0828 50 3.455 0.0824 50 3.510 0.0831
60 3.562 0.0775 60 3.626 0.0792 60 3.609 0.0788 60 3.644 0.0795
70 3.646 0.0747 70 3.674 0.0763 70 3.697 0.0759 70 3.649 0.0765
80 3.700 0.0726 80 3.690 0.0741 80 3.747 0.0737 80 3.626 0.0743
90 3.717 0.0712 90 3.668 0.0726 90 3.744 0.0723 90 3.595 0.0727
100 3.711 0.0737 100 3.652 0.0752 100 3.726 0.0749 100 3.576 0.0754
120 3.699 0.0754 120 3.643 0.0771 120 3.698 0.0768 120 3.564 0.0773
150 3.684 0.0733 150 3.634 0.0741 150 3.690 0.0740 150 3.568 0.0749
r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.060 r. m. s.  0.060 
 
 B17(24.0;104.0)  B18(24.0;106.0)  C04(26.0;78.0)  C05(26.0;80.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.334 0.0915 8 2.514 0.0850 8 2.694 0.0951 8 2.742 0.0978
9 2.323 0.0901 9 2.516 0.0836 9 2.697 0.0932 9 2.777 0.0972
10 2.334 0.0907 10 2.504 0.0841 10 2.710 0.0945 10 2.807 0.0981
12 2.330 0.0888 12 2.485 0.0824 12 2.725 0.0930 12 2.842 0.0966
14 2.346 0.0868 14 2.487 0.0807 14 2.727 0.0910 14 2.866 0.0943
16 2.377 0.0829 16 2.503 0.0774 16 2.741 0.0869 16 2.891 0.0900
 120
18 2.423 0.0816 18 2.538 0.0762 18 2.763 0.0854 18 2.912 0.0884
20 2.477 0.0770 20 2.584 0.0721 20 2.806 0.0805 20 2.948 0.0832
25 2.637 0.0766 25 2.724 0.0718 25 2.988 0.0799 25 3.068 0.0807
30 2.824 0.0793 30 2.901 0.0744 30 3.130 0.0823 30 3.207 0.0836
35 2.980 0.0805 35 3.099 0.0753 35 3.241 0.0827 35 3.326 0.0847
40 3.149 0.0797 40 3.208 0.0747 40 3.356 0.0824 40 3.444 0.0820
45 3.236 0.0785 45 3.279 0.0737 45 3.467 0.0812 45 3.527 0.0809
50 3.298 0.0789 50 3.334 0.0740 50 3.559 0.0817 50 3.605 0.0816
60 3.366 0.0757 60 3.455 0.0712 60 3.704 0.0772 60 3.741 0.0760
70 3.423 0.0730 70 3.551 0.0689 70 3.771 0.0729 70 3.797 0.0732
80 3.496 0.0709 80 3.638 0.0672 80 3.836 0.0705 80 3.844 0.0703
90 3.545 0.0696 90 3.666 0.0660 90 3.859 0.0692 90 3.876 0.0689
100 3.561 0.0720 100 3.649 0.0681 100 3.855 0.0715 100 3.881 0.0712
120 3.528 0.0738 120 3.621 0.0697 120 3.844 0.0732 120 3.877 0.0729
150 3.519 0.0713 150 3.604 0.0681 150 3.837 0.0700 150 3.866 0.0711
r. m. s.  0.057 r. m. s.  0.054 r. m. s.  0.059 r. m. s.  0.060 
 
 C06(26.0;82.0)  C07(26.0;84.0)  C08(26.0;86.0)  C09(26.0;88.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.709 0.0946 8 2.838 0.0933 8 2.642 0.0964 8 2.518 0.0919
9 2.764 0.0927 9 2.924 0.0919 9 2.708 0.0944 9 2.538 0.0901
10 2.790 0.0933 10 2.918 0.0924 10 2.795 0.0949 10 2.557 0.0905
12 2.860 0.0912 12 2.926 0.0905 12 2.850 0.0929 12 2.561 0.0886
14 2.898 0.0891 14 2.944 0.0884 14 2.900 0.0907 14 2.569 0.0866
16 2.920 0.0851 16 2.941 0.0846 16 2.929 0.0866 16 2.582 0.0829
18 2.948 0.0837 18 2.972 0.0831 18 2.978 0.0852 18 2.613 0.0816
20 2.985 0.0790 20 3.005 0.0784 20 3.011 0.0802 20 2.656 0.0769
25 3.086 0.0762 25 3.082 0.0769 25 3.081 0.0764 25 2.826 0.0765
30 3.194 0.0788 30 3.193 0.0795 30 3.158 0.0791 30 3.035 0.0792
35 3.316 0.0797 35 3.328 0.0805 35 3.233 0.0800 35 3.255 0.0801
40 3.455 0.0753 40 3.456 0.0797 40 3.347 0.0793 40 3.390 0.0793
45 3.523 0.0744 45 3.554 0.0788 45 3.459 0.0784 45 3.496 0.0784
50 3.597 0.0753 50 3.618 0.0798 50 3.554 0.0794 50 3.584 0.0790
60 3.700 0.0719 60 3.724 0.0765 60 3.696 0.0760 60 3.703 0.0757
70 3.777 0.0688 70 3.787 0.0734 70 3.780 0.0733 70 3.768 0.0731
80 3.817 0.0671 80 3.801 0.0714 80 3.810 0.0712 80 3.786 0.0710
90 3.833 0.0657 90 3.816 0.0693 90 3.812 0.0700 90 3.774 0.0697
100 3.832 0.0678 100 3.811 0.0717 100 3.807 0.0723 100 3.759 0.0719
120 3.815 0.0694 120 3.784 0.0735 120 3.781 0.0741 120 3.729 0.0737
150 3.797 0.0692 150 3.752 0.0693 150 3.763 0.0702 150 3.709 0.0716
r. m. s.  0.056 r. m. s.  0.058 r. m. s.  0.058 r. m. s.  0.057 
 
 121
 
 
 C10(26.0;90.0)  C11(26.0;92.0)  C12(26.0;94.0)  C13(26.0;96.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.616 0.0945 8 2.573 0.0935 8 2.595 0.0964 8 2.624 0.0970
9 2.612 0.0928 9 2.578 0.0921 9 2.596 0.0951 9 2.609 0.0956
10 2.604 0.0933 10 2.589 0.0928 10 2.595 0.0956 10 2.584 0.0964
12 2.585 0.0912 12 2.593 0.0908 12 2.595 0.0935 12 2.563 0.0943
14 2.555 0.0891 14 2.590 0.0886 14 2.593 0.0913 14 2.562 0.0920
16 2.538 0.0852 16 2.592 0.0847 16 2.597 0.0872 16 2.576 0.0878
18 2.528 0.0837 18 2.589 0.0832 18 2.600 0.0857 18 2.591 0.0863
20 2.531 0.0786 20 2.590 0.0791 20 2.607 0.0809 20 2.615 0.0810
25 2.668 0.0784 25 2.622 0.0784 25 2.659 0.0804 25 2.705 0.0805
30 2.898 0.0813 30 2.814 0.0807 30 2.838 0.0831 30 2.828 0.0838
35 3.117 0.0823 35 3.079 0.0816 35 3.008 0.0844 35 2.980 0.0849
40 3.289 0.0816 40 3.251 0.0809 40 3.111 0.0836 40 3.126 0.0841
45 3.399 0.0804 45 3.371 0.0798 45 3.215 0.0824 45 3.231 0.0829
50 3.464 0.0811 50 3.456 0.0806 50 3.335 0.0825 50 3.332 0.0835
60 3.557 0.0777 60 3.576 0.0772 60 3.532 0.0789 60 3.509 0.0799
70 3.624 0.0746 70 3.657 0.0747 70 3.675 0.0760 70 3.612 0.0769
80 3.662 0.0725 80 3.701 0.0726 80 3.751 0.0738 80 3.668 0.0746
90 3.652 0.0710 90 3.701 0.0712 90 3.743 0.0724 90 3.682 0.0731
100 3.630 0.0739 100 3.688 0.0734 100 3.736 0.0749 100 3.664 0.0758
120 3.589 0.0758 120 3.663 0.0751 120 3.722 0.0768 120 3.646 0.0778
150 3.563 0.0731 150 3.650 0.0721 150 3.707 0.0738 150 3.636 0.0753
r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.060 
 
 C14(26.0;98.0)  C15(26.0;100.0)  C16(26.0;102.0)  C17(26.0;104.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.838 0.0953 8 2.317 0.0938 8 2.826 0.0989 8 2.578 0.0921
9 2.831 0.0940 9 2.313 0.0926 9 2.780 0.0974 9 2.574 0.0907
10 2.814 0.0945 10 2.315 0.0932 10 2.702 0.0980 10 2.546 0.0912
12 2.794 0.0924 12 2.318 0.0912 12 2.611 0.0959 12 2.532 0.0893
14 2.774 0.0901 14 2.328 0.0890 14 2.527 0.0936 14 2.520 0.0873
16 2.763 0.0860 16 2.341 0.0850 16 2.478 0.0893 16 2.524 0.0835
18 2.767 0.0846 18 2.374 0.0835 18 2.454 0.0877 18 2.553 0.0821
20 2.784 0.0796 20 2.416 0.0788 20 2.452 0.0824 20 2.623 0.0773
25 2.848 0.0791 25 2.500 0.0784 25 2.440 0.0819 25 2.762 0.0770
30 2.919 0.0820 30 2.610 0.0811 30 2.500 0.0850 30 2.932 0.0798
35 3.042 0.0831 35 2.902 0.0821 35 2.580 0.0860 35 3.141 0.0807
40 3.140 0.0822 40 3.115 0.0813 40 2.660 0.0852 40 3.256 0.0800
 122
45 3.257 0.0812 45 3.262 0.0802 45 2.748 0.0839 45 3.316 0.0789
50 3.407 0.0817 50 3.401 0.0809 50 2.900 0.0846 50 3.369 0.0794
60 3.572 0.0783 60 3.545 0.0775 60 3.196 0.0808 60 3.462 0.0761
70 3.658 0.0754 70 3.651 0.0748 70 3.432 0.0778 70 3.581 0.0734
80 3.725 0.0732 80 3.726 0.0726 80 3.585 0.0754 80 3.692 0.0714
90 3.733 0.0718 90 3.744 0.0712 90 3.724 0.0739 90 3.704 0.0700
100 3.722 0.0742 100 3.714 0.0737 100 3.764 0.0766 100 3.683 0.0724
120 3.701 0.0761 120 3.647 0.0755 120 3.736 0.0786 120 3.649 0.0742
150 3.685 0.0741 150 3.614 0.0732 150 3.686 0.0751 150 3.626 0.0721
r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.061 r. m. s.  0.057 
 
 C18(26.0;106.0)  D04(28.0;78.0)  D05(28.0;80.0)  D06(28.0;82.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.653 0.0963 8 2.755 0.0961 8 2.854 0.0904 8 2.562 0.0939
9 2.631 0.0947 9 2.767 0.0954 9 2.923 0.0913 9 2.572 0.0927
10 2.620 0.0953 10 2.809 0.0961 10 2.946 0.0917 10 2.585 0.0929
12 2.611 0.0932 12 2.846 0.0939 12 2.968 0.0906 12 2.715 0.0916
14 2.614 0.0910 14 2.854 0.0916 14 2.977 0.0884 14 2.748 0.0893
16 2.630 0.0869 16 2.894 0.0874 16 3.004 0.0845 16 2.765 0.0853
18 2.662 0.0854 18 2.935 0.0859 18 3.018 0.0830 18 2.791 0.0839
20 2.705 0.0802 20 2.977 0.0807 20 3.033 0.0781 20 2.816 0.0790
25 2.884 0.0798 25 3.061 0.0802 25 3.072 0.0778 25 2.874 0.0788
30 3.138 0.0828 30 3.189 0.0836 30 3.154 0.0807 30 2.978 0.0815
35 3.298 0.0837 35 3.331 0.0845 35 3.344 0.0818 35 3.273 0.0824
40 3.418 0.0830 40 3.431 0.0839 40 3.452 0.0813 40 3.405 0.0797
45 3.478 0.0818 45 3.552 0.0827 45 3.511 0.0803 45 3.470 0.0789
50 3.525 0.0826 50 3.639 0.0825 50 3.577 0.0803 50 3.545 0.0793
60 3.570 0.0790 60 3.768 0.0786 60 3.690 0.0762 60 3.656 0.0761
70 3.600 0.0761 70 3.826 0.0738 70 3.800 0.0735 70 3.730 0.0734
80 3.640 0.0739 80 3.876 0.0718 80 3.862 0.0705 80 3.781 0.0706
90 3.630 0.0724 90 3.897 0.0702 90 3.861 0.0693 90 3.813 0.0694
100 3.615 0.0750 100 3.900 0.0726 100 3.863 0.0717 100 3.811 0.0718
120 3.609 0.0770 120 3.889 0.0744 120 3.853 0.0735 120 3.791 0.0736
150 3.606 0.0748 150 3.876 0.0707 150 3.837 0.0711 150 3.777 0.0718
r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.058 
 
 D07(28.0;84.0)  D08(28.0;86.0)  D09(28.0;88.0)  D10(28.0;90.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.685 0.0948 8 2.680 0.0934 8 2.592 0.0931 8 2.450 0.0957
9 2.692 0.0935 9 2.687 0.0920 9 2.599 0.0927 9 2.449 0.0945
 123
10 2.691 0.0934 10 2.698 0.0918 10 2.651 0.0936 10 2.543 0.0949
12 2.674 0.0913 12 2.679 0.0900 12 2.653 0.0917 12 2.549 0.0928
14 2.659 0.0891 14 2.648 0.0879 14 2.680 0.0896 14 2.548 0.0906
16 2.631 0.0851 16 2.618 0.0840 16 2.695 0.0855 16 2.557 0.0864
18 2.620 0.0837 18 2.596 0.0826 18 2.707 0.0841 18 2.555 0.0848
20 2.601 0.0789 20 2.584 0.0778 20 2.731 0.0792 20 2.578 0.0797
25 2.633 0.0787 25 2.609 0.0775 25 2.842 0.0787 25 2.689 0.0794
30 2.858 0.0814 30 2.885 0.0802 30 2.936 0.0814 30 2.883 0.0821
35 3.225 0.0824 35 3.340 0.0812 35 3.193 0.0823 35 3.090 0.0831
40 3.389 0.0817 40 3.462 0.0803 40 3.357 0.0815 40 3.269 0.0824
45 3.520 0.0797 45 3.567 0.0793 45 3.486 0.0803 45 3.394 0.0814
50 3.638 0.0798 50 3.631 0.0800 50 3.588 0.0799 50 3.448 0.0822
60 3.772 0.0765 60 3.684 0.0766 60 3.676 0.0766 60 3.564 0.0787
70 3.803 0.0742 70 3.728 0.0744 70 3.748 0.0736 70 3.696 0.0759
80 3.810 0.0722 80 3.746 0.0723 80 3.764 0.0715 80 3.771 0.0738
90 3.795 0.0709 90 3.743 0.0708 90 3.751 0.0702 90 3.795 0.0723
100 3.776 0.0734 100 3.736 0.0731 100 3.729 0.0728 100 3.790 0.0747
120 3.762 0.0753 120 3.717 0.0750 120 3.694 0.0746 120 3.770 0.0766
150 3.758 0.0743 150 3.698 0.0726 150 3.674 0.0719 150 3.740 0.0737
r. m. s.  0.059 r. m. s.  0.060 r. m. s.  0.058 r. m. s.  0.059 
 
 D11(28.0;92.0)  D12(28.0;94.0)  D13(28.0;96.0)  D14(28.0;98.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.584 0.0955 8 2.665 0.0960 8 2.491 0.0933 8 3.016 0.0893
9 2.572 0.0943 9 2.651 0.0946 9 2.482 0.0918 9 2.982 0.0879
10 2.607 0.0946 10 2.637 0.0958 10 2.488 0.0925 10 2.928 0.0886
12 2.613 0.0925 12 2.632 0.0937 12 2.488 0.0905 12 2.851 0.0868
14 2.606 0.0902 14 2.626 0.0912 14 2.518 0.0886 14 2.792 0.0848
16 2.620 0.0860 16 2.637 0.0870 16 2.541 0.0847 16 2.751 0.0813
18 2.624 0.0845 18 2.646 0.0857 18 2.558 0.0833 18 2.732 0.0800
20 2.635 0.0802 20 2.658 0.0804 20 2.578 0.0785 20 2.712 0.0754
25 2.706 0.0798 25 2.703 0.0799 25 2.636 0.0781 25 2.703 0.0750
30 2.870 0.0823 30 2.780 0.0828 30 2.687 0.0810 30 2.647 0.0775
35 3.104 0.0833 35 2.966 0.0840 35 2.851 0.0819 35 2.601 0.0783
40 3.289 0.0824 40 3.119 0.0831 40 3.049 0.0812 40 2.651 0.0777
45 3.426 0.0814 45 3.263 0.0821 45 3.220 0.0798 45 2.730 0.0768
50 3.501 0.0821 50 3.373 0.0824 50 3.346 0.0804 50 2.810 0.0775
60 3.645 0.0786 60 3.532 0.0789 60 3.487 0.0770 60 3.074 0.0744
70 3.726 0.0757 70 3.624 0.0760 70 3.610 0.0743 70 3.365 0.0719
80 3.785 0.0736 80 3.674 0.0738 80 3.733 0.0721 80 3.559 0.0699
90 3.797 0.0721 90 3.719 0.0724 90 3.791 0.0707 90 3.727 0.0686
100 3.778 0.0747 100 3.731 0.0748 100 3.771 0.0731 100 3.769 0.0708
 124
120 3.734 0.0765 120 3.742 0.0768 120 3.716 0.0750 120 3.718 0.0725
150 3.709 0.0745 150 3.730 0.0736 150 3.687 0.0728 150 3.685 0.0694
r. m. s.  0.059 r. m. s.  0.060 r. m. s.  0.058 r. m. s.  0.056 
 
 D15(28.0;100.0)  D16(28.0;102.0)  D17(28.0;104.0)  D18(28.0;106.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.871 0.0928 8 2.779 0.0959 8 2.702 0.0932 8 2.751 0.0954
9 2.864 0.0914 9 2.763 0.0937 9 2.684 0.0918 9 2.747 0.0939
10 2.836 0.0918 10 2.759 0.0950 10 2.678 0.0923 10 2.722 0.0945
12 2.780 0.0899 12 2.728 0.0930 12 2.653 0.0904 12 2.690 0.0924
14 2.736 0.0878 14 2.706 0.0908 14 2.640 0.0883 14 2.672 0.0903
16 2.705 0.0840 16 2.697 0.0867 16 2.643 0.0844 16 2.674 0.0862
18 2.681 0.0826 18 2.701 0.0852 18 2.656 0.0830 18 2.683 0.0848
20 2.649 0.0780 20 2.715 0.0800 20 2.676 0.0780 20 2.696 0.0796
25 2.597 0.0776 25 2.773 0.0795 25 2.759 0.0776 25 2.759 0.0792
30 2.546 0.0801 30 2.878 0.0826 30 2.897 0.0804 30 2.860 0.0821
35 2.600 0.0810 35 3.045 0.0836 35 3.016 0.0814 35 2.983 0.0831
40 2.676 0.0803 40 3.168 0.0828 40 3.115 0.0806 40 3.114 0.0823
45 2.794 0.0792 45 3.258 0.0817 45 3.218 0.0796 45 3.250 0.0812
50 2.924 0.0799 50 3.343 0.0823 50 3.331 0.0803 50 3.412 0.0819
60 3.127 0.0766 60 3.453 0.0788 60 3.595 0.0769 60 3.649 0.0784
70 3.290 0.0739 70 3.569 0.0759 70 3.744 0.0742 70 3.742 0.0756
80 3.472 0.0718 80 3.664 0.0737 80 3.768 0.0721 80 3.755 0.0734
90 3.605 0.0704 90 3.700 0.0722 90 3.749 0.0707 90 3.731 0.0719
100 3.661 0.0729 100 3.697 0.0748 100 3.728 0.0731 100 3.715 0.0745
120 3.700 0.0747 120 3.678 0.0767 120 3.698 0.0750 120 3.696 0.0764
150 3.667 0.0716 150 3.668 0.0738 150 3.687 0.0730 150 3.680 0.0743
r. m. s.  0.058 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.059 
 
 E01(30.0;72.0)  E02(30.0;74.0)  E03(30.0;76.0)  E04(30.0;78.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.599 0.0903 8 2.623 0.0955 8 2.628 0.0982 8 2.831 0.0961
9 2.597 0.0880 9 2.618 0.0935 9 2.629 0.0959 9 2.841 0.0950
10 2.595 0.0884 10 2.616 0.0939 10 2.651 0.0968 10 2.865 0.0955
12 2.586 0.0866 12 2.601 0.0918 12 2.665 0.0946 12 2.933 0.0939
14 2.581 0.0847 14 2.601 0.0896 14 2.675 0.0924 14 2.887 0.0923
16 2.579 0.0824 16 2.602 0.0864 16 2.693 0.0887 16 2.890 0.0881
18 2.593 0.0811 18 2.633 0.0850 18 2.715 0.0871 18 2.900 0.0866
20 2.619 0.0764 20 2.669 0.0798 20 2.741 0.0816 20 2.921 0.0812
25 2.715 0.0761 25 2.753 0.0795 25 2.827 0.0811 25 2.995 0.0806
 125
30 2.919 0.0787 30 3.013 0.0828 30 3.040 0.0842 30 3.192 0.0841
35 3.180 0.0797 35 3.293 0.0840 35 3.263 0.0847 35 3.311 0.0854
40 3.332 0.0789 40 3.430 0.0833 40 3.375 0.0842 40 3.411 0.0848
45 3.449 0.0779 45 3.517 0.0821 45 3.482 0.0830 45 3.452 0.0836
50 3.547 0.0782 50 3.617 0.0826 50 3.598 0.0839 50 3.521 0.0847
60 3.670 0.0751 60 3.734 0.0795 60 3.730 0.0768 60 3.604 0.0800
70 3.733 0.0724 70 3.770 0.0766 70 3.787 0.0722 70 3.728 0.0770
80 3.772 0.0703 80 3.778 0.0743 80 3.809 0.0702 80 3.763 0.0747
90 3.785 0.0689 90 3.764 0.0728 90 3.807 0.0689 90 3.780 0.0722
100 3.778 0.0712 100 3.755 0.0753 100 3.797 0.0712 100 3.828 0.0747
120 3.748 0.0729 120 3.737 0.0773 120 3.768 0.0729 120 3.824 0.0766
150 3.732 0.0701 150 3.742 0.0732 150 3.754 0.0705 150 3.829 0.0727
r. m. s.  0.056 r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.060 
 
 E05(30.0;80.0)  E06(30.0;82.0)  E07(30.0;84.0)  E08(30.0;86.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.590 0.0959 8 2.713 0.0950 8 2.640 0.0922 8 2.937 0.0931
9 2.587 0.0955 9 2.750 0.0941 9 2.659 0.0916 9 2.943 0.0924
10 2.706 0.0974 10 2.788 0.0952 10 2.705 0.0929 10 2.932 0.0927
12 2.716 0.0948 12 2.796 0.0932 12 2.688 0.0913 12 2.919 0.0907
14 2.721 0.0924 14 2.835 0.0914 14 2.663 0.0894 14 2.899 0.0882
16 2.721 0.0879 16 2.832 0.0871 16 2.646 0.0854 16 2.889 0.0843
18 2.717 0.0863 18 2.810 0.0856 18 2.622 0.0839 18 2.873 0.0829
20 2.713 0.0810 20 2.794 0.0803 20 2.612 0.0788 20 2.848 0.0779
25 2.728 0.0805 25 2.798 0.0800 25 2.676 0.0785 25 2.819 0.0774
30 2.796 0.0837 30 2.893 0.0831 30 2.814 0.0814 30 2.832 0.0814
35 2.921 0.0848 35 3.119 0.0842 35 3.050 0.0825 35 2.988 0.0825
40 3.037 0.0834 40 3.296 0.0828 40 3.236 0.0816 40 3.176 0.0815
45 3.257 0.0820 45 3.442 0.0819 45 3.381 0.0813 45 3.374 0.0810
50 3.333 0.0819 50 3.475 0.0816 50 3.417 0.0813 50 3.481 0.0815
60 3.561 0.0780 60 3.572 0.0769 60 3.555 0.0767 60 3.623 0.0778
70 3.699 0.0747 70 3.727 0.0740 70 3.648 0.0739 70 3.698 0.0748
80 3.760 0.0728 80 3.751 0.0715 80 3.719 0.0715 80 3.739 0.0727
90 3.756 0.0716 90 3.778 0.0705 90 3.762 0.0703 90 3.769 0.0716
100 3.736 0.0741 100 3.774 0.0731 100 3.748 0.0726 100 3.757 0.0742
120 3.708 0.0757 120 3.753 0.0751 120 3.692 0.0744 120 3.720 0.0760
150 3.696 0.0739 150 3.733 0.0725 150 3.668 0.0725 150 3.686 0.0711
r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.058 
 
 E09(30.0;88.0)  E10(30.0;90.0)  E11(30.0;92.0)  E12(30.0;94.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
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(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.887 0.0977 8 2.632 0.0996 8 2.430 0.0945 8 2.886 0.0928
9 2.880 0.0959 9 2.638 0.0976 9 2.435 0.0929 9 2.859 0.0913
10 2.862 0.0962 10 2.656 0.0980 10 2.449 0.0937 10 2.822 0.0930
12 2.826 0.0941 12 2.650 0.0958 12 2.463 0.0916 12 2.777 0.0910
14 2.808 0.0918 14 2.670 0.0932 14 2.491 0.0892 14 2.743 0.0887
16 2.797 0.0876 16 2.684 0.0889 16 2.518 0.0853 16 2.716 0.0848
18 2.797 0.0861 18 2.696 0.0873 18 2.544 0.0839 18 2.708 0.0830
20 2.795 0.0807 20 2.713 0.0821 20 2.567 0.0790 20 2.698 0.0790
25 2.808 0.0803 25 2.802 0.0816 25 2.619 0.0786 25 2.682 0.0785
30 2.857 0.0832 30 2.909 0.0845 30 2.660 0.0815 30 2.656 0.0813
35 2.909 0.0842 35 2.974 0.0857 35 2.739 0.0824 35 2.637 0.0823
40 3.050 0.0834 40 3.103 0.0848 40 2.847 0.0816 40 2.654 0.0815
45 3.246 0.0816 45 3.259 0.0833 45 2.941 0.0808 45 2.709 0.0805
50 3.397 0.0826 50 3.344 0.0848 50 3.050 0.0816 50 2.802 0.0816
60 3.567 0.0792 60 3.488 0.0813 60 3.305 0.0783 60 3.063 0.0782
70 3.703 0.0767 70 3.616 0.0780 70 3.482 0.0753 70 3.359 0.0754
80 3.772 0.0745 80 3.717 0.0757 80 3.607 0.0733 80 3.560 0.0727
90 3.799 0.0732 90 3.777 0.0743 90 3.682 0.0716 90 3.744 0.0704
100 3.800 0.0760 100 3.784 0.0771 100 3.667 0.0741 100 3.798 0.0729
120 3.786 0.0779 120 3.758 0.0792 120 3.643 0.0761 120 3.749 0.0747
150 3.762 0.0760 150 3.719 0.0762 150 3.620 0.0738 150 3.705 0.0708
r. m. s.  0.060 r. m. s.  0.061 r. m. s.  0.059 r. m. s.  0.058 
 
 E13(30.0;96.0)  E14(30.0;98.0)  E15(30.0;100.0)  E16(30.0;102.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.898 0.0932 8 3.022 0.0961 8 2.839 0.0922 8 2.773 0.0968
9 2.893 0.0917 9 3.007 0.0945 9 2.843 0.0909 9 2.765 0.0950
10 2.880 0.0925 10 2.971 0.0952 10 2.825 0.0913 10 2.777 0.0960
12 2.826 0.0905 12 2.909 0.0931 12 2.800 0.0894 12 2.767 0.0939
14 2.791 0.0883 14 2.848 0.0909 14 2.787 0.0873 14 2.754 0.0917
16 2.770 0.0844 16 2.799 0.0868 16 2.773 0.0835 16 2.744 0.0875
18 2.751 0.0831 18 2.769 0.0853 18 2.772 0.0821 18 2.750 0.0861
20 2.728 0.0781 20 2.738 0.0802 20 2.775 0.0773 20 2.761 0.0809
25 2.695 0.0778 25 2.696 0.0798 25 2.793 0.0769 25 2.794 0.0805
30 2.661 0.0806 30 2.664 0.0827 30 2.859 0.0797 30 2.857 0.0834
35 2.630 0.0815 35 2.676 0.0837 35 2.987 0.0806 35 2.919 0.0844
40 2.638 0.0807 40 2.757 0.0829 40 3.059 0.0799 40 2.985 0.0836
45 2.726 0.0796 45 2.855 0.0818 45 3.121 0.0788 45 3.088 0.0824
50 2.875 0.0803 50 2.951 0.0824 50 3.189 0.0795 50 3.182 0.0830
60 3.126 0.0770 60 3.140 0.0789 60 3.343 0.0762 60 3.439 0.0794
70 3.314 0.0742 70 3.326 0.0760 70 3.504 0.0735 70 3.600 0.0764
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80 3.495 0.0721 80 3.554 0.0737 80 3.626 0.0715 80 3.719 0.0742
90 3.613 0.0707 90 3.686 0.0723 90 3.708 0.0701 90 3.745 0.0727
100 3.691 0.0731 100 3.697 0.0749 100 3.729 0.0725 100 3.740 0.0753
120 3.748 0.0749 120 3.680 0.0768 120 3.717 0.0743 120 3.710 0.0773
150 3.724 0.0716 150 3.653 0.0727 150 3.703 0.0714 150 3.706 0.0744
r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.057 r. m. s.  0.060 
 
 E17(30.0;104.0)  E18(30.0;106.0)  E19(30.0;108.0)  F01(32.0;72.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.861 0.0961 8 2.807 0.0958 8 2.904 0.1039 8 2.614 0.0927
9 2.837 0.0946 9 2.793 0.0943 9 2.884 0.1022 9 2.604 0.0912
10 2.815 0.0952 10 2.782 0.0948 10 2.861 0.1028 10 2.596 0.0916
12 2.764 0.0931 12 2.758 0.0928 12 2.812 0.1004 12 2.592 0.0897
14 2.723 0.0910 14 2.738 0.0906 14 2.766 0.0979 14 2.588 0.0877
16 2.690 0.0869 16 2.734 0.0866 16 2.747 0.0933 16 2.586 0.0839
18 2.667 0.0854 18 2.742 0.0851 18 2.726 0.0916 18 2.605 0.0825
20 2.657 0.0803 20 2.754 0.0801 20 2.715 0.0859 20 2.617 0.0776
25 2.681 0.0798 25 2.798 0.0797 25 2.709 0.0854 25 2.650 0.0766
30 2.775 0.0828 30 2.882 0.0825 30 2.764 0.0886 30 2.700 0.0801
35 2.892 0.0838 35 3.014 0.0835 35 2.884 0.0898 35 2.810 0.0811
40 3.007 0.0830 40 3.172 0.0827 40 3.064 0.0889 40 2.983 0.0804
45 3.121 0.0818 45 3.312 0.0816 45 3.234 0.0876 45 3.123 0.0792
50 3.264 0.0825 50 3.454 0.0824 50 3.423 0.0885 50 3.243 0.0800
60 3.596 0.0789 60 3.654 0.0788 60 3.637 0.0844 60 3.486 0.0762
70 3.759 0.0760 70 3.731 0.0759 70 3.721 0.0811 70 3.673 0.0742
80 3.766 0.0738 80 3.751 0.0738 80 3.744 0.0786 80 3.753 0.0719
90 3.750 0.0723 90 3.738 0.0723 90 3.727 0.0770 90 3.781 0.0705
100 3.732 0.0749 100 3.726 0.0748 100 3.718 0.0799 100 3.788 0.0729
120 3.703 0.0768 120 3.709 0.0768 120 3.712 0.0821 120 3.758 0.0747
150 3.692 0.0739 150 3.704 0.0745 150 3.703 0.0799 150 3.744 0.0712
r. m. s.  0.060 r. m. s.  0.060 r. m. s.  0.064 r. m. s.  0.058 
 
 F02(32.0;74.0)  F03(32.0;76.0)  F04(32.0;78.0)  F05(32.0;80.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.619 0.0947 8 2.740 0.0940 8 2.814 0.1008 8 2.811 0.0995
9 2.614 0.0934 9 2.742 0.0921 9 2.881 0.0983 9 2.824 0.0983
10 2.609 0.0936 10 2.779 0.0932 10 2.889 0.0986 10 2.771 0.0993
12 2.614 0.0913 12 2.816 0.0912 12 2.899 0.0964 12 2.753 0.0960
14 2.625 0.0894 14 2.821 0.0890 14 2.889 0.0946 14 2.771 0.0939
16 2.636 0.0853 16 2.846 0.0850 16 2.875 0.0902 16 2.761 0.0893
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18 2.657 0.0839 18 2.868 0.0837 18 2.853 0.0886 18 2.743 0.0877
20 2.682 0.0789 20 2.889 0.0785 20 2.834 0.0833 20 2.720 0.0824
25 2.744 0.0773 25 2.957 0.0781 25 2.779 0.0830 25 2.693 0.0818
30 2.804 0.0817 30 3.055 0.0817 30 2.809 0.0861 30 2.729 0.0848
35 2.900 0.0826 35 3.096 0.0831 35 2.878 0.0872 35 2.817 0.0857
40 3.027 0.0820 40 3.133 0.0816 40 2.991 0.0865 40 2.951 0.0850
45 3.144 0.0805 45 3.243 0.0804 45 3.117 0.0854 45 3.053 0.0833
50 3.249 0.0816 50 3.344 0.0807 50 3.222 0.0859 50 3.144 0.0836
60 3.479 0.0764 60 3.534 0.0769 60 3.431 0.0826 60 3.377 0.0806
70 3.643 0.0748 70 3.604 0.0722 70 3.557 0.0796 70 3.508 0.0756
80 3.747 0.0724 80 3.682 0.0700 80 3.706 0.0755 80 3.618 0.0734
90 3.796 0.0709 90 3.740 0.0687 90 3.742 0.0738 90 3.656 0.0715
100 3.798 0.0733 100 3.742 0.0710 100 3.811 0.0766 100 3.673 0.0735
120 3.772 0.0750 120 3.713 0.0727 120 3.795 0.0786 120 3.639 0.0750
150 3.752 0.0718 150 3.697 0.0703 150 3.791 0.0746 150 3.621 0.0724
r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.062 r. m. s.  0.061 
 
 F06(32.0;82.0)  F07(32.0;84.0)  F08(32.0;86.0)  F09(32.0;88.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.923 0.0942 8 2.844 0.0979 8 2.750 0.0952 8 2.611 0.0966
9 2.941 0.0934 9 2.842 0.0958 9 2.745 0.0934 9 2.624 0.0949
10 2.951 0.0933 10 2.838 0.0962 10 2.734 0.0939 10 2.640 0.0957
12 2.957 0.0904 12 2.830 0.0939 12 2.710 0.0921 12 2.638 0.0935
14 2.958 0.0886 14 2.818 0.0914 14 2.696 0.0898 14 2.655 0.0913
16 2.933 0.0844 16 2.804 0.0874 16 2.692 0.0858 16 2.662 0.0871
18 2.907 0.0830 18 2.782 0.0859 18 2.679 0.0844 18 2.666 0.0856
20 2.879 0.0781 20 2.765 0.0807 20 2.670 0.0792 20 2.674 0.0804
25 2.784 0.0778 25 2.711 0.0801 25 2.625 0.0787 25 2.678 0.0799
30 2.748 0.0807 30 2.691 0.0831 30 2.631 0.0816 30 2.683 0.0829
35 2.794 0.0819 35 2.723 0.0843 35 2.692 0.0825 35 2.717 0.0838
40 2.923 0.0808 40 2.811 0.0834 40 2.741 0.0818 40 2.748 0.0830
45 3.043 0.0795 45 2.896 0.0824 45 2.809 0.0808 45 2.802 0.0817
50 3.107 0.0804 50 2.965 0.0833 50 2.907 0.0817 50 2.916 0.0825
60 3.267 0.0757 60 3.176 0.0798 60 3.130 0.0783 60 3.195 0.0790
70 3.406 0.0731 70 3.362 0.0770 70 3.380 0.0751 70 3.453 0.0763
80 3.575 0.0712 80 3.520 0.0748 80 3.542 0.0729 80 3.601 0.0739
90 3.602 0.0700 90 3.598 0.0734 90 3.660 0.0715 90 3.692 0.0725
100 3.650 0.0723 100 3.669 0.0760 100 3.728 0.0743 100 3.683 0.0750
120 3.653 0.0735 120 3.705 0.0780 120 3.735 0.0760 120 3.639 0.0768
150 3.652 0.0688 150 3.711 0.0740 150 3.723 0.0722 150 3.603 0.0719
r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.060 
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 F10(32.0;90.0)  F11(32.0;92.0)  F12(32.0;94.0)  F13(32.0;96.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.669 0.0965 8 2.828 0.0969 8 2.892 0.0971 8 2.940 0.0944
9 2.680 0.0947 9 2.816 0.0952 9 2.907 0.0954 9 2.960 0.0929
10 2.711 0.0954 10 2.807 0.0957 10 2.897 0.0960 10 2.945 0.0935
12 2.715 0.0932 12 2.769 0.0936 12 2.864 0.0939 12 2.904 0.0915
14 2.712 0.0910 14 2.751 0.0912 14 2.848 0.0915 14 2.888 0.0893
16 2.707 0.0869 16 2.723 0.0871 16 2.821 0.0873 16 2.846 0.0853
18 2.708 0.0854 18 2.706 0.0855 18 2.797 0.0859 18 2.827 0.0839
20 2.714 0.0803 20 2.685 0.0803 20 2.769 0.0805 20 2.809 0.0788
25 2.720 0.0799 25 2.627 0.0798 25 2.740 0.0801 25 2.798 0.0784
30 2.708 0.0827 30 2.616 0.0827 30 2.720 0.0832 30 2.769 0.0813
35 2.705 0.0836 35 2.600 0.0836 35 2.738 0.0841 35 2.720 0.0823
40 2.720 0.0828 40 2.614 0.0828 40 2.794 0.0833 40 2.728 0.0815
45 2.753 0.0818 45 2.726 0.0817 45 2.874 0.0824 45 2.778 0.0805
50 2.835 0.0826 50 2.848 0.0826 50 2.974 0.0833 50 2.838 0.0812
60 3.054 0.0792 60 3.093 0.0792 60 3.155 0.0798 60 3.042 0.0777
70 3.273 0.0762 70 3.318 0.0764 70 3.349 0.0766 70 3.275 0.0748
80 3.475 0.0740 80 3.470 0.0742 80 3.536 0.0745 80 3.525 0.0727
90 3.577 0.0726 90 3.576 0.0728 90 3.662 0.0730 90 3.663 0.0713
100 3.633 0.0753 100 3.665 0.0754 100 3.690 0.0756 100 3.705 0.0738
120 3.649 0.0773 120 3.744 0.0774 120 3.695 0.0776 120 3.745 0.0757
150 3.638 0.0731 150 3.735 0.0735 150 3.674 0.0746 150 3.742 0.0708
r. m. s.  0.060 r. m. s.  0..060 r. m. s.  0.060 r. m. s.  0.059 
 
 F14(32.0;98.0)  F15(32.0;100.0)  F16(32.0;102.0)  F17(32.0;104.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.880 0.0950 8 2.845 0.0980 8 2.651 0.0962 8 2.629 0.0939
9 2.892 0.0935 9 2.865 0.0967 9 2.661 0.0948 9 2.623 0.0927
10 2.868 0.0942 10 2.861 0.0971 10 2.676 0.0953 10 2.610 0.0929
12 2.842 0.0921 12 2.863 0.0950 12 2.672 0.0932 12 2.581 0.0909
14 2.840 0.0899 14 2.861 0.0927 14 2.660 0.0911 14 2.557 0.0889
16 2.814 0.0859 16 2.839 0.0885 16 2.657 0.0870 16 2.550 0.0850
18 2.804 0.0844 18 2.823 0.0870 18 2.657 0.0855 18 2.549 0.0835
20 2.804 0.0794 20 2.821 0.0819 20 2.664 0.0807 20 2.556 0.0786
25 2.806 0.0789 25 2.814 0.0814 25 2.666 0.0803 25 2.603 0.0781
30 2.825 0.0818 30 2.841 0.0843 30 2.697 0.0828 30 2.695 0.0809
35 2.913 0.0828 35 2.910 0.0853 35 2.835 0.0838 35 2.821 0.0818
40 2.982 0.0821 40 2.985 0.0845 40 2.961 0.0831 40 2.951 0.0811
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45 3.056 0.0809 45 3.082 0.0832 45 3.105 0.0819 45 3.071 0.0800
50 3.126 0.0816 50 3.202 0.0839 50 3.218 0.0826 50 3.232 0.0808
60 3.282 0.0781 60 3.408 0.0801 60 3.533 0.0790 60 3.573 0.0774
70 3.479 0.0753 70 3.529 0.0772 70 3.648 0.0761 70 3.709 0.0747
80 3.614 0.0731 80 3.613 0.0748 80 3.704 0.0739 80 3.699 0.0726
90 3.718 0.0717 90 3.644 0.0734 90 3.706 0.0724 90 3.670 0.0712
100 3.749 0.0742 100 3.647 0.0760 100 3.691 0.0750 100 3.645 0.0736
120 3.745 0.0762 120 3.661 0.0780 120 3.674 0.0769 120 3.621 0.0755
150 3.735 0.0714 150 3.677 0.0744 150 3.666 0.0737 150 3.607 0.0732
r. m. s.  0.059 r. m. s.  0.061 r. m. s.  0.060 r. m. s.  0.058 
 
 F18(32.0;106.0)  F19(32.0;108.0)  G01(34.0;72.0)  G02(34.0;74.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.371 0.0970 8 2.526 0.0960 8 2.728 0.0954 8 2.621 0.0966
9 2.391 0.0954 9 2.553 0.0947 9 2.699 0.0938 9 2.618 0.0946
10 2.409 0.0959 10 2.575 0.0949 10 2.678 0.0940 10 2.654 0.0961
12 2.426 0.0938 12 2.609 0.0929 12 2.641 0.0918 12 2.675 0.0941
14 2.445 0.0916 14 2.620 0.0906 14 2.616 0.0897 14 2.679 0.0920
16 2.471 0.0875 16 2.631 0.0866 16 2.614 0.0857 16 2.722 0.0878
18 2.496 0.0860 18 2.647 0.0851 18 2.616 0.0843 18 2.759 0.0864
20 2.529 0.0811 20 2.667 0.0802 20 2.636 0.0792 20 2.801 0.0809
25 2.587 0.0806 25 2.707 0.0797 25 2.694 0.0789 25 2.904 0.0806
30 2.678 0.0835 30 2.807 0.0826 30 2.822 0.0821 30 3.119 0.0842
35 2.815 0.0845 35 2.950 0.0835 35 2.936 0.0831 35 3.201 0.0851
40 2.947 0.0837 40 3.095 0.0828 40 3.073 0.0824 40 3.249 0.0843
45 3.064 0.0826 45 3.251 0.0817 45 3.205 0.0812 45 3.349 0.0832
50 3.191 0.0834 50 3.393 0.0825 50 3.336 0.0819 50 3.436 0.0818
60 3.434 0.0796 60 3.623 0.0789 60 3.536 0.0787 60 3.544 0.0771
70 3.560 0.0766 70 3.717 0.0760 70 3.665 0.0759 70 3.593 0.0735
80 3.637 0.0744 80 3.745 0.0739 80 3.704 0.0738 80 3.616 0.0714
90 3.689 0.0730 90 3.751 0.0724 90 3.704 0.0724 90 3.640 0.0700
100 3.705 0.0755 100 3.750 0.0749 100 3.724 0.0750 100 3.666 0.0725
120 3.695 0.0775 120 3.735 0.0768 120 3.737 0.0769 120 3.687 0.0742
150 3.689 0.0758 150 3.724 0.0749 150 3.718 0.0747 150 3.660 0.0714
r. m. s.  0.060 r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.059 
 
 G03(34.0;76.0)  G04(34.0;78.0)  G05(34.0;80.0)  G06(34.0;82.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.658 0.0929 8 2.900 0.0922 8 2.619 0.0961 8 2.739 0.0947
9 2.661 0.0913 9 2.935 0.0905 9 2.613 0.0944 9 2.746 0.0929
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10 2.659 0.0916 10 2.941 0.0916 10 2.681 0.0952 10 2.797 0.0933
12 2.658 0.0893 12 2.926 0.0896 12 2.742 0.0929 12 2.818 0.0906
14 2.660 0.0871 14 2.919 0.0877 14 2.737 0.0904 14 2.799 0.0886
16 2.678 0.0833 16 2.920 0.0838 16 2.722 0.0864 16 2.772 0.0845
18 2.684 0.0815 18 2.913 0.0825 18 2.714 0.0849 18 2.748 0.0831
20 2.697 0.0768 20 2.881 0.0776 20 2.707 0.0797 20 2.715 0.0782
25 2.767 0.0765 25 2.775 0.0772 25 2.635 0.0792 25 2.590 0.0774
30 2.983 0.0789 30 2.728 0.0797 30 2.584 0.0823 30 2.500 0.0804
35 3.150 0.0799 35 2.733 0.0808 35 2.609 0.0834 35 2.600 0.0815
40 3.324 0.0793 40 2.791 0.0799 40 2.656 0.0828 40 2.600 0.0803
45 3.435 0.0782 45 2.868 0.0788 45 2.712 0.0815 45 2.600 0.0790
50 3.518 0.0787 50 3.002 0.0797 50 2.855 0.0822 50 2.666 0.0796
60 3.581 0.0766 60 3.334 0.0764 60 3.127 0.0788 60 2.997 0.0754
70 3.613 0.0735 70 3.531 0.0739 70 3.417 0.0742 70 3.335 0.0732
80 3.637 0.0693 80 3.693 0.0712 80 3.622 0.0714 80 3.558 0.0708
90 3.633 0.0679 90 3.835 0.0699 90 3.738 0.0703 90 3.685 0.0694
100 3.639 0.0703 100 3.840 0.0724 100 3.748 0.0729 100 3.669 0.0710
120 3.638 0.0719 120 3.823 0.0742 120 3.737 0.0747 120 3.617 0.0724
150 3.610 0.0703 150 3.802 0.0703 150 3.719 0.0710 150 3.577 0.0698
r. m. s.  0.057 r. m. s.  0.057 r. m. s.  0.059 r. m. s.  0.058 
 
 G07(34.0;84.0)  G08(34.0;86.0)  G09(34.0;88.0)  G10(34.0;90.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.702 0.0941 8 2.665 0.0992 8 2.481 0.0973 8 2.696 0.0927
9 2.716 0.0924 9 2.675 0.0978 9 2.496 0.0960 9 2.728 0.0922
10 2.730 0.0930 10 2.684 0.0984 10 2.523 0.0965 10 2.728 0.0928
12 2.804 0.0919 12 2.696 0.0961 12 2.547 0.0950 12 2.694 0.0908
14 2.805 0.0899 14 2.712 0.0939 14 2.562 0.0928 14 2.675 0.0887
16 2.778 0.0856 16 2.727 0.0895 16 2.587 0.0886 16 2.668 0.0848
18 2.752 0.0842 18 2.737 0.0880 18 2.611 0.0870 18 2.658 0.0832
20 2.744 0.0787 20 2.748 0.0827 20 2.617 0.0816 20 2.642 0.0788
25 2.693 0.0776 25 2.793 0.0825 25 2.658 0.0813 25 2.610 0.0784
30 2.627 0.0806 30 2.772 0.0856 30 2.696 0.0843 30 2.619 0.0810
35 2.600 0.0816 35 2.732 0.0865 35 2.720 0.0853 35 2.725 0.0818
40 2.656 0.0808 40 2.736 0.0856 40 2.770 0.0844 40 2.855 0.0810
45 2.738 0.0798 45 2.801 0.0840 45 2.856 0.0833 45 2.941 0.0800
50 2.847 0.0808 50 2.937 0.0838 50 2.957 0.0838 50 3.045 0.0808
60 3.089 0.0773 60 3.174 0.0800 60 3.150 0.0803 60 3.234 0.0776
70 3.251 0.0739 70 3.366 0.0768 70 3.303 0.0766 70 3.409 0.0748
80 3.486 0.0716 80 3.513 0.0738 80 3.395 0.0738 80 3.573 0.0727
90 3.594 0.0702 90 3.586 0.0723 90 3.483 0.0722 90 3.683 0.0707
100 3.646 0.0736 100 3.633 0.0747 100 3.570 0.0747 100 3.697 0.0731
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120 3.608 0.0746 120 3.646 0.0767 120 3.666 0.0766 120 3.703 0.0749
150 3.581 0.0723 150 3.639 0.0728 150 3.663 0.0726 150 3.679 0.0718
r. m. s.  0.058 r. m. s.  0.061 r. m. s.  0.060 r. m. s.  0.058 
 
 G11(34.0;92.0)  G12(34.0;94.0)  G13(34.0;96.0)  G14(34.0;98.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.745 0.0964 8 2.901 0.0929 8 2.896 0.0929 8 2.859 0.0974
9 2.732 0.0947 9 2.902 0.0914 9 2.896 0.0915 9 2.877 0.0959
10 2.719 0.0953 10 2.887 0.0919 10 2.879 0.0921 10 2.877 0.0965
12 2.705 0.0932 12 2.851 0.0899 12 2.853 0.0900 12 2.869 0.0944
14 2.697 0.0910 14 2.827 0.0879 14 2.828 0.0880 14 2.859 0.0922
16 2.690 0.0869 16 2.801 0.0840 16 2.801 0.0841 16 2.836 0.0880
18 2.688 0.0854 18 2.789 0.0826 18 2.791 0.0827 18 2.813 0.0865
20 2.684 0.0804 20 2.773 0.0775 20 2.785 0.0771 20 2.795 0.0813
25 2.703 0.0800 25 2.751 0.0771 25 2.756 0.0767 25 2.742 0.0808
30 2.736 0.0828 30 2.733 0.0800 30 2.755 0.0796 30 2.727 0.0838
35 2.811 0.0837 35 2.729 0.0809 35 2.815 0.0806 35 2.756 0.0849
40 2.916 0.0829 40 2.800 0.0802 40 2.902 0.0799 40 2.833 0.0841
45 3.020 0.0818 45 2.875 0.0791 45 2.993 0.0789 45 2.921 0.0831
50 3.112 0.0824 50 2.964 0.0797 50 3.094 0.0796 50 3.026 0.0838
60 3.271 0.0790 60 3.158 0.0766 60 3.268 0.0768 60 3.258 0.0800
70 3.438 0.0761 70 3.372 0.0738 70 3.412 0.0740 70 3.467 0.0769
80 3.582 0.0739 80 3.652 0.0718 80 3.521 0.0720 80 3.617 0.0746
90 3.665 0.0725 90 3.764 0.0705 90 3.639 0.0706 90 3.734 0.0732
100 3.678 0.0751 100 3.770 0.0729 100 3.709 0.0730 100 3.789 0.0758
120 3.678 0.0770 120 3.735 0.0748 120 3.714 0.0749 120 3.807 0.0778
150 3.657 0.0712 150 3.713 0.0713 150 3.700 0.0716 150 3.804 0.0742
r. m. s.  0.060 r. m. s.  0.058 r. m. s.  0.058 r. m. s.  0.060 
 
 G15(34.0;100.0)  G16(34.0;102.0)  G17(34.0;104.0)  G18(34.0;106.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.774 0.0939 8 2.794 0.0972 8 2.832 0.0984 8 3.084 0.1001
9 2.785 0.0926 9 2.795 0.0957 9 2.843 0.0972 9 3.104 0.0982
10 2.788 0.0930 10 2.804 0.0962 10 2.844 0.0975 10 3.112 0.0991
12 2.793 0.0909 12 2.806 0.0942 12 2.840 0.0953 12 3.114 0.0969
14 2.781 0.0889 14 2.794 0.0918 14 2.814 0.0930 14 3.087 0.0951
16 2.770 0.0850 16 2.780 0.0877 16 2.788 0.0887 16 3.050 0.0907
18 2.755 0.0836 18 2.767 0.0862 18 2.769 0.0871 18 3.016 0.0890
20 2.746 0.0788 20 2.761 0.0811 20 2.755 0.0819 20 2.989 0.0834
25 2.723 0.0784 25 2.767 0.0807 25 2.744 0.0814 25 2.938 0.0829
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30 2.744 0.0811 30 2.820 0.0835 30 2.797 0.0844 30 2.929 0.0861
35 2.814 0.0820 35 2.886 0.0845 35 2.894 0.0854 35 2.954 0.0872
40 2.891 0.0813 40 2.973 0.0837 40 2.994 0.0846 40 3.002 0.0863
45 2.984 0.0804 45 3.060 0.0826 45 3.120 0.0834 45 3.069 0.0851
50 3.077 0.0811 50 3.143 0.0833 50 3.259 0.0841 50 3.153 0.0858
60 3.282 0.0776 60 3.303 0.0797 60 3.560 0.0804 60 3.343 0.0820
70 3.449 0.0746 70 3.443 0.0766 70 3.694 0.0774 70 3.498 0.0789
80 3.579 0.0725 80 3.580 0.0744 80 3.720 0.0751 80 3.598 0.0765
90 3.658 0.0711 90 3.662 0.0729 90 3.715 0.0736 90 3.652 0.0749
100 3.686 0.0736 100 3.685 0.0755 100 3.717 0.0762 100 3.691 0.0777
120 3.704 0.0754 120 3.695 0.0775 120 3.721 0.0782 120 3.743 0.0798
150 3.707 0.0726 150 3.706 0.0754 150 3.720 0.0752 150 3.761 0.0744
r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.061 r. m. s.  0.062 
 
 G19(34.0;108.0)  H01(36.0;72.0)  H02(36.0;74.0)  H03(36.0;76.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.938 0.1054 8 2.743 0.1014 8 2.821 0.0977 8 2.751 0.0936
9 2.956 0.1026 9 2.726 0.0994 9 2.801 0.0958 9 2.788 0.0915
10 2.961 0.1045 10 2.702 0.0997 10 2.791 0.0962 10 2.793 0.0922
12 2.960 0.1021 12 2.666 0.0973 12 2.773 0.0939 12 2.753 0.0901
14 2.949 0.1005 14 2.641 0.0948 14 2.745 0.0914 14 2.742 0.0879
16 2.942 0.0956 16 2.628 0.0904 16 2.729 0.0873 16 2.726 0.0840
18 2.943 0.0939 18 2.625 0.0889 18 2.716 0.0858 18 2.709 0.0828
20 2.952 0.0877 20 2.633 0.0834 20 2.710 0.0806 20 2.676 0.0778
25 2.992 0.0872 25 2.718 0.0832 25 2.699 0.0802 25 2.585 0.0774
30 3.061 0.0907 30 2.821 0.0862 30 2.687 0.0830 30 2.527 0.0801
35 3.130 0.0919 35 2.911 0.0872 35 2.738 0.0839 35 2.600 0.0812
40 3.212 0.0909 40 3.000 0.0866 40 2.821 0.0834 40 2.600 0.0804
45 3.294 0.0895 45 3.089 0.0852 45 2.924 0.0821 45 2.606 0.0793
50 3.386 0.0903 50 3.194 0.0859 50 3.049 0.0828 50 2.742 0.0802
60 3.568 0.0860 60 3.382 0.0822 60 3.295 0.0798 60 3.088 0.0773
70 3.696 0.0826 70 3.549 0.0795 70 3.501 0.0762 70 3.302 0.0746
80 3.749 0.0800 80 3.682 0.0776 80 3.613 0.0734 80 3.489 0.0722
90 3.767 0.0782 90 3.791 0.0760 90 3.721 0.0720 90 3.585 0.0708
100 3.779 0.0812 100 3.802 0.0790 100 3.735 0.0748 100 3.608 0.0734
120 3.798 0.0835 120 3.769 0.0811 120 3.706 0.0768 120 3.589 0.0753
150 3.807 0.0793 150 3.732 0.0776 150 3.670 0.0733 150 3.561 0.0724
r. m. s.  0.065 r. m. s.  0.062 r. m. s.  0.060 r. m. s.  0.058 
 
 H04(36.0;78.0)  H05(36.0;80.0)  H06(36.0;82.0)  H07(36.0;84.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
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(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.574 0.0924 8 2.593 0.0958 8 2.738 0.0958 8 2.684 0.0936
9 2.586 0.0912 9 2.602 0.0942 9 2.680 0.0947 9 2.678 0.0921
10 2.604 0.0917 10 2.631 0.0945 10 2.665 0.0947 10 2.665 0.0927
12 2.613 0.0898 12 2.627 0.0925 12 2.626 0.0926 12 2.637 0.0905
14 2.610 0.0875 14 2.635 0.0910 14 2.617 0.0902 14 2.605 0.0884
16 2.614 0.0836 16 2.646 0.0868 16 2.616 0.0861 16 2.601 0.0843
18 2.624 0.0822 18 2.644 0.0853 18 2.618 0.0847 18 2.582 0.0829
20 2.636 0.0774 20 2.650 0.0802 20 2.617 0.0788 20 2.567 0.0778
25 2.650 0.0770 25 2.658 0.0796 25 2.644 0.0783 25 2.552 0.0774
30 2.674 0.0797 30 2.728 0.0826 30 2.682 0.0812 30 2.612 0.0803
35 2.700 0.0807 35 2.777 0.0837 35 2.721 0.0822 35 2.683 0.0811
40 2.755 0.0798 40 2.852 0.0829 40 2.795 0.0812 40 2.773 0.0805
45 2.826 0.0788 45 2.943 0.0818 45 2.902 0.0801 45 2.860 0.0794
50 2.917 0.0795 50 3.065 0.0815 50 3.017 0.0809 50 2.940 0.0800
60 3.129 0.0761 60 3.229 0.0768 60 3.193 0.0777 60 3.138 0.0768
70 3.318 0.0731 70 3.363 0.0725 70 3.367 0.0735 70 3.332 0.0742
80 3.496 0.0714 80 3.492 0.0705 80 3.484 0.0715 80 3.477 0.0723
90 3.600 0.0700 90 3.577 0.0691 90 3.603 0.0705 90 3.563 0.0709
100 3.641 0.0724 100 3.628 0.0714 100 3.703 0.0739 100 3.610 0.0729
120 3.645 0.0741 120 3.651 0.0730 120 3.750 0.0763 120 3.656 0.0746
150 3.618 0.0701 150 3.629 0.0705 150 3.737 0.0742 150 3.645 0.0725
r. m. s.  0.057 r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.058 
 
 H08(36.0;86.0)  H09(36.0;88.0)  H10(36.0;90.0)  H11(36.0;92.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.630 0.0945 8 2.710 0.0968 8 2.554 0.0945 8 2.656 0.0936
9 2.636 0.0929 9 2.734 0.0955 9 2.550 0.0928 9 2.688 0.0935
10 2.645 0.0935 10 2.729 0.0962 10 2.550 0.0934 10 2.673 0.0940
12 2.686 0.0915 12 2.712 0.0934 12 2.570 0.0919 12 2.651 0.0921
14 2.683 0.0893 14 2.708 0.0911 14 2.596 0.0897 14 2.642 0.0899
16 2.691 0.0851 16 2.692 0.0869 16 2.623 0.0857 16 2.636 0.0859
18 2.678 0.0836 18 2.672 0.0854 18 2.641 0.0843 18 2.642 0.0844
20 2.667 0.0785 20 2.645 0.0804 20 2.654 0.0797 20 2.655 0.0795
25 2.656 0.0778 25 2.606 0.0793 25 2.682 0.0793 25 2.682 0.0791
30 2.727 0.0810 30 2.651 0.0822 30 2.742 0.0819 30 2.770 0.0818
35 2.774 0.0819 35 2.714 0.0831 35 2.872 0.0828 35 2.908 0.0828
40 2.865 0.0810 40 2.795 0.0823 40 3.011 0.0820 40 3.044 0.0820
45 2.956 0.0800 45 2.899 0.0812 45 3.101 0.0808 45 3.164 0.0809
50 3.083 0.0811 50 3.027 0.0816 50 3.184 0.0811 50 3.257 0.0814
60 3.271 0.0777 60 3.209 0.0776 60 3.384 0.0774 60 3.399 0.0779
70 3.389 0.0748 70 3.357 0.0749 70 3.573 0.0746 70 3.556 0.0753
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80 3.478 0.0728 80 3.572 0.0729 80 3.673 0.0718 80 3.646 0.0731
90 3.532 0.0716 90 3.650 0.0716 90 3.758 0.0705 90 3.724 0.0709
100 3.586 0.0742 100 3.691 0.0741 100 3.780 0.0727 100 3.756 0.0732
120 3.605 0.0757 120 3.711 0.0760 120 3.774 0.0746 120 3.766 0.0750
150 3.616 0.0742 150 3.689 0.0716 150 3.743 0.0711 150 3.739 0.0714
r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.059 
 
 H12(36.0;94.0)  H13(36.0;96.0)  H14(36.0;98.0)  H15(36.0;100.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.806 0.0967 8 2.843 0.0957 8 2.859 0.0953 8 2.717 0.0913
9 2.791 0.0951 9 2.827 0.0932 9 2.849 0.0939 9 2.723 0.0901
10 2.766 0.0957 10 2.800 0.0948 10 2.841 0.0945 10 2.728 0.0905
12 2.737 0.0936 12 2.775 0.0927 12 2.823 0.0923 12 2.729 0.0884
14 2.724 0.0914 14 2.763 0.0907 14 2.819 0.0905 14 2.718 0.0864
16 2.717 0.0873 16 2.763 0.0866 16 2.811 0.0864 16 2.704 0.0826
18 2.717 0.0858 18 2.759 0.0851 18 2.815 0.0850 18 2.702 0.0812
20 2.726 0.0805 20 2.753 0.0799 20 2.809 0.0798 20 2.691 0.0764
25 2.735 0.0801 25 2.731 0.0794 25 2.770 0.0793 25 2.653 0.0758
30 2.752 0.0829 30 2.730 0.0824 30 2.772 0.0824 30 2.652 0.0788
35 2.810 0.0839 35 2.786 0.0834 35 2.845 0.0834 35 2.744 0.0797
40 2.931 0.0831 40 2.928 0.0826 40 2.956 0.0826 40 2.895 0.0790
45 3.037 0.0819 45 3.040 0.0815 45 3.059 0.0815 45 3.056 0.0781
50 3.130 0.0826 50 3.139 0.0822 50 3.166 0.0821 50 3.200 0.0788
60 3.305 0.0791 60 3.327 0.0786 60 3.381 0.0786 60 3.453 0.0754
70 3.463 0.0763 70 3.552 0.0759 70 3.547 0.0758 70 3.597 0.0729
80 3.605 0.0741 80 3.758 0.0736 80 3.659 0.0735 80 3.703 0.0708
90 3.720 0.0727 90 3.838 0.0722 90 3.688 0.0721 90 3.746 0.0695
100 3.763 0.0753 100 3.874 0.0748 100 3.688 0.0747 100 3.743 0.0719
120 3.760 0.0772 120 3.891 0.0767 120 3.682 0.0766 120 3.710 0.0737
150 3.735 0.0712 150 3.881 0.0712 150 3.664 0.0707 150 3.679 0.0716
r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.057 
 
 H16(36.0;102.0)  H17(36.0;104.0)  I01(38.0;72.0)  I02(38.0;74.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.894 0.0988 8 2.734 0.0985 8 2.743 0.1005 8 2.827 0.0974
9 2.888 0.0972 9 2.744 0.0965 9 2.742 0.0982 9 2.874 0.0952
10 2.885 0.0977 10 2.728 0.0976 10 2.740 0.0990 10 2.867 0.0955
12 2.867 0.0955 12 2.717 0.0954 12 2.716 0.0968 12 2.839 0.0933
14 2.851 0.0930 14 2.705 0.0929 14 2.694 0.0942 14 2.823 0.0910
16 2.823 0.0888 16 2.691 0.0887 16 2.679 0.0900 16 2.806 0.0872
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18 2.806 0.0871 18 2.685 0.0870 18 2.666 0.0882 18 2.784 0.0859
20 2.790 0.0818 20 2.682 0.0817 20 2.659 0.0831 20 2.760 0.0807
25 2.737 0.0812 25 2.674 0.0812 25 2.667 0.0827 25 2.710 0.0802
30 2.721 0.0844 30 2.731 0.0842 30 2.733 0.0857 30 2.724 0.0831
35 2.761 0.0854 35 2.852 0.0853 35 2.842 0.0866 35 2.780 0.0840
40 2.872 0.0846 40 2.975 0.0845 40 2.940 0.0858 40 2.888 0.0832
45 2.982 0.0836 45 3.069 0.0833 45 3.037 0.0845 45 2.992 0.0821
50 3.093 0.0843 50 3.152 0.0841 50 3.142 0.0847 50 3.110 0.0830
60 3.297 0.0806 60 3.338 0.0804 60 3.341 0.0812 60 3.316 0.0804
70 3.459 0.0776 70 3.566 0.0773 70 3.541 0.0772 70 3.512 0.0777
80 3.593 0.0753 80 3.757 0.0751 80 3.712 0.0743 80 3.743 0.0749
90 3.697 0.0738 90 3.857 0.0735 90 3.748 0.0728 90 3.822 0.0733
100 3.739 0.0765 100 3.871 0.0762 100 3.753 0.0756 100 3.833 0.0761
120 3.723 0.0785 120 3.822 0.0782 120 3.733 0.0776 120 3.812 0.0781
150 3.714 0.0756 150 3.805 0.0767 150 3.724 0.0754 150 3.795 0.0758
r. m. s.  0.061 r. m. s.  0.061 r. m. s.  0.061 r. m. s.  0.060 
 
 I03(38.0;76.0)  I04(38.0;78.0)  I05(38.0;80.0)  I06(38.0;82.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.696 0.0927 8 2.863 0.0959 8 2.642 0.0937 8 2.653 0.0954
9 2.689 0.0911 9 2.851 0.0944 9 2.638 0.0920 9 2.622 0.0947
10 2.681 0.0918 10 2.832 0.0951 10 2.635 0.0922 10 2.602 0.0952
12 2.647 0.0898 12 2.809 0.0930 12 2.618 0.0903 12 2.586 0.0932
14 2.626 0.0878 14 2.782 0.0907 14 2.602 0.0891 14 2.597 0.0908
16 2.609 0.0840 16 2.762 0.0866 16 2.604 0.0851 16 2.613 0.0868
18 2.601 0.0827 18 2.751 0.0851 18 2.605 0.0837 18 2.616 0.0853
20 2.592 0.0779 20 2.738 0.0800 20 2.605 0.0787 20 2.609 0.0801
25 2.601 0.0775 25 2.713 0.0796 25 2.638 0.0783 25 2.596 0.0795
30 2.657 0.0802 30 2.709 0.0826 30 2.745 0.0811 30 2.635 0.0824
35 2.730 0.0811 35 2.733 0.0835 35 2.844 0.0821 35 2.725 0.0832
40 2.820 0.0804 40 2.830 0.0828 40 2.943 0.0813 40 2.853 0.0824
45 2.933 0.0793 45 2.955 0.0816 45 3.054 0.0803 45 2.964 0.0813
50 3.053 0.0799 50 3.093 0.0823 50 3.165 0.0807 50 3.087 0.0825
60 3.247 0.0765 60 3.369 0.0787 60 3.357 0.0764 60 3.306 0.0786
70 3.424 0.0734 70 3.543 0.0758 70 3.542 0.0724 70 3.495 0.0749
80 3.555 0.0716 80 3.635 0.0736 80 3.674 0.0704 80 3.648 0.0728
90 3.641 0.0704 90 3.668 0.0721 90 3.706 0.0691 90 3.677 0.0714
100 3.705 0.0729 100 3.714 0.0745 100 3.703 0.0721 100 3.658 0.0738
120 3.716 0.0748 120 3.748 0.0764 120 3.695 0.0740 120 3.620 0.0755
150 3.706 0.0728 150 3.742 0.0723 150 3.668 0.0712 150 3.596 0.0732
r. m. s.  0.058 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.059 
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 I07(38.0;84.0)  I08(38.0;86.0)  I09(38.0;88.0)  I10(38.0;90.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.613 0.0948 8 2.748 0.0955 8 2.649 0.0945 8 2.716 0.0921
9 2.615 0.0934 9 2.742 0.0942 9 2.654 0.0928 9 2.711 0.0897
10 2.618 0.0938 10 2.728 0.0947 10 2.657 0.0935 10 2.699 0.0912
12 2.627 0.0918 12 2.705 0.0925 12 2.672 0.0913 12 2.729 0.0906
14 2.642 0.0897 14 2.688 0.0903 14 2.694 0.0892 14 2.728 0.0885
16 2.653 0.0857 16 2.681 0.0861 16 2.712 0.0850 16 2.722 0.0845
18 2.654 0.0841 18 2.667 0.0847 18 2.717 0.0835 18 2.701 0.0831
20 2.652 0.0792 20 2.658 0.0795 20 2.721 0.0787 20 2.677 0.0784
25 2.683 0.0788 25 2.653 0.0791 25 2.738 0.0782 25 2.641 0.0781
30 2.785 0.0817 30 2.703 0.0821 30 2.818 0.0806 30 2.684 0.0808
35 2.936 0.0825 35 2.769 0.0830 35 2.907 0.0815 35 2.831 0.0817
40 3.093 0.0818 40 2.875 0.0822 40 3.033 0.0807 40 3.010 0.0809
45 3.254 0.0806 45 2.973 0.0810 45 3.143 0.0797 45 3.132 0.0799
50 3.383 0.0812 50 3.085 0.0815 50 3.240 0.0808 50 3.237 0.0805
60 3.515 0.0778 60 3.293 0.0778 60 3.434 0.0775 60 3.424 0.0773
70 3.607 0.0751 70 3.480 0.0750 70 3.621 0.0748 70 3.593 0.0745
80 3.680 0.0729 80 3.638 0.0729 80 3.761 0.0726 80 3.727 0.0724
90 3.690 0.0715 90 3.721 0.0715 90 3.809 0.0714 90 3.732 0.0709
100 3.687 0.0740 100 3.738 0.0738 100 3.792 0.0734 100 3.741 0.0733
120 3.686 0.0759 120 3.738 0.0757 120 3.748 0.0751 120 3.703 0.0744
150 3.675 0.0739 150 3.726 0.0735 150 3.723 0.0715 150 3.706 0.0702
r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.058 
 
 I11(38.0;92.0)  I12(38.0;94.0)  I13(38.0;96.0)  I14(38.0;98.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.939 0.0908 8 2.913 0.0912 8 2.873 0.0919 8 2.899 0.0909
9 2.948 0.0895 9 2.942 0.0913 9 2.878 0.0904 9 2.896 0.0894
10 2.918 0.0900 10 2.910 0.0919 10 2.868 0.0911 10 2.880 0.0900
12 2.892 0.0882 12 2.871 0.0899 12 2.847 0.0893 12 2.849 0.0882
14 2.878 0.0862 14 2.830 0.0878 14 2.826 0.0873 14 2.818 0.0862
16 2.847 0.0824 16 2.797 0.0839 16 2.803 0.0835 16 2.787 0.0825
18 2.826 0.0810 18 2.783 0.0826 18 2.782 0.0821 18 2.761 0.0809
20 2.801 0.0764 20 2.774 0.0777 20 2.762 0.0773 20 2.743 0.0763
25 2.738 0.0758 25 2.763 0.0772 25 2.738 0.0768 25 2.715 0.0758
30 2.739 0.0785 30 2.803 0.0800 30 2.835 0.0796 30 2.794 0.0785
35 2.786 0.0793 35 2.892 0.0810 35 2.959 0.0805 35 2.934 0.0794
40 2.872 0.0786 40 3.021 0.0802 40 3.078 0.0798 40 3.077 0.0787
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45 2.954 0.0776 45 3.134 0.0791 45 3.203 0.0786 45 3.203 0.0776
50 3.110 0.0783 50 3.266 0.0797 50 3.328 0.0792 50 3.332 0.0782
60 3.332 0.0751 60 3.478 0.0763 60 3.539 0.0759 60 3.547 0.0750
70 3.513 0.0726 70 3.689 0.0736 70 3.695 0.0731 70 3.720 0.0723
80 3.723 0.0702 80 3.835 0.0715 80 3.790 0.0711 80 3.799 0.0703
90 3.777 0.0690 90 3.851 0.0693 90 3.767 0.0697 90 3.789 0.0691
100 3.733 0.0712 100 3.831 0.0715 100 3.738 0.0719 100 3.765 0.0713
120 3.664 0.0730 120 3.820 0.0733 120 3.693 0.0736 120 3.718 0.0730
150 3.630 0.0680 150 3.799 0.0675 150 3.673 0.0668 150 3.704 0.0691
r. m. s.  0.057 r. m. s.  0.057 r. m. s.  0.057 r. m. s.  0.057 
 
 I15(38.0;100.0)  I16(38.0;102.0)  I17(38.0;104.0)  J02(40.0;74.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 3.112 0.0926 8 3.013 0.0914 8 2.810 0.0944 8 2.927 0.0995
9 3.108 0.0909 9 3.015 0.0899 9 2.802 0.0931 9 2.930 0.0976
10 3.093 0.0918 10 3.017 0.0905 10 2.787 0.0935 10 2.922 0.0982
12 3.044 0.0898 12 3.005 0.0886 12 2.758 0.0916 12 2.897 0.0960
14 2.996 0.0878 14 2.978 0.0866 14 2.745 0.0894 14 2.871 0.0936
16 2.959 0.0840 16 2.959 0.0829 16 2.737 0.0854 16 2.841 0.0894
18 2.927 0.0828 18 2.943 0.0841 18 2.736 0.0860 18 2.818 0.0879
20 2.905 0.0779 20 2.922 0.0791 20 2.733 0.0808 20 2.799 0.0824
25 2.883 0.0775 25 2.908 0.0787 25 2.761 0.0803 25 2.763 0.0819
30 2.920 0.0803 30 2.924 0.0816 30 2.863 0.0833 30 2.799 0.0850
35 3.006 0.0813 35 2.976 0.0825 35 3.004 0.0843 35 2.894 0.0861
40 3.114 0.0805 40 3.083 0.0818 40 3.155 0.0835 40 3.022 0.0852
45 3.218 0.0794 45 3.198 0.0806 45 3.272 0.0824 45 3.165 0.0840
50 3.334 0.0800 50 3.289 0.0813 50 3.384 0.0831 50 3.304 0.0848
60 3.545 0.0767 60 3.461 0.0779 60 3.583 0.0794 60 3.611 0.0813
70 3.703 0.0739 70 3.591 0.0750 70 3.727 0.0765 70 3.787 0.0784
80 3.773 0.0718 80 3.648 0.0729 80 3.778 0.0742 80 3.842 0.0761
90 3.806 0.0705 90 3.681 0.0714 90 3.789 0.0727 90 3.869 0.0745
100 3.809 0.0729 100 3.703 0.0739 100 3.786 0.0753 100 3.875 0.0773
120 3.781 0.0747 120 3.719 0.0758 120 3.769 0.0772 120 3.866 0.0794
150 3.765 0.0704 150 3.738 0.0715 150 3.770 0.0749 150 3.859 0.0766
r. m. s.  0.058 r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.061 
 
 J03(40.0;76.0)  J04(40.0;78.0)  J05(40.0;80.0)  J06(40.0;82.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.742 0.0974 8 2.707 0.0945 8 2.758 0.0910 8 2.568 0.0959
9 2.742 0.0959 9 2.708 0.0929 9 2.751 0.0888 9 2.560 0.0948
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10 2.743 0.0965 10 2.708 0.0939 10 2.743 0.0897 10 2.571 0.0958
12 2.729 0.0943 12 2.696 0.0919 12 2.740 0.0878 12 2.598 0.0938
14 2.717 0.0922 14 2.681 0.0897 14 2.724 0.0859 14 2.641 0.0913
16 2.720 0.0880 16 2.668 0.0858 16 2.712 0.0822 16 2.673 0.0872
18 2.710 0.0865 18 2.658 0.0844 18 2.702 0.0809 18 2.698 0.0856
20 2.709 0.0812 20 2.649 0.0791 20 2.699 0.0763 20 2.716 0.0805
25 2.707 0.0809 25 2.670 0.0786 25 2.721 0.0758 25 2.738 0.0802
30 2.794 0.0840 30 2.763 0.0816 30 2.809 0.0785 30 2.812 0.0833
35 2.905 0.0849 35 2.907 0.0826 35 2.925 0.0791 35 2.906 0.0840
40 3.024 0.0841 40 3.038 0.0818 40 3.068 0.0784 40 3.002 0.0833
45 3.140 0.0830 45 3.154 0.0807 45 3.208 0.0774 45 3.096 0.0821
50 3.273 0.0835 50 3.254 0.0814 50 3.340 0.0783 50 3.229 0.0830
60 3.515 0.0797 60 3.416 0.0779 60 3.545 0.0753 60 3.423 0.0789
70 3.697 0.0767 70 3.614 0.0745 70 3.678 0.0727 70 3.556 0.0744
80 3.811 0.0745 80 3.798 0.0723 80 3.749 0.0707 80 3.654 0.0723
90 3.835 0.0730 90 3.852 0.0710 90 3.752 0.0694 90 3.663 0.0709
100 3.824 0.0755 100 3.851 0.0738 100 3.737 0.0717 100 3.650 0.0733
120 3.788 0.0774 120 3.823 0.0757 120 3.719 0.0734 120 3.641 0.0752
150 3.772 0.0739 150 3.803 0.0720 150 3.702 0.0704 150 3.640 0.0721
r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.057 r. m. s.  0.059 
 
 J07(40.0;84.0)  J08(40.0;86.0)  J09(40.0;88.0)  J10(40.0;90.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.650 0.0950 8 2.650 0.0942 8 2.859 0.0924 8 2.884 0.0948
9 2.649 0.0934 9 2.659 0.0929 9 2.866 0.0912 9 2.880 0.0933
10 2.649 0.0939 10 2.666 0.0934 10 2.861 0.0917 10 2.863 0.0939
12 2.656 0.0919 12 2.677 0.0915 12 2.847 0.0897 12 2.848 0.0916
14 2.662 0.0897 14 2.697 0.0894 14 2.827 0.0877 14 2.809 0.0894
16 2.666 0.0858 16 2.701 0.0854 16 2.806 0.0837 16 2.790 0.0853
18 2.667 0.0844 18 2.711 0.0836 18 2.783 0.0823 18 2.766 0.0839
20 2.677 0.0793 20 2.729 0.0786 20 2.764 0.0778 20 2.744 0.0790
25 2.732 0.0787 25 2.776 0.0783 25 2.742 0.0772 25 2.703 0.0785
30 2.837 0.0815 30 2.883 0.0813 30 2.785 0.0799 30 2.687 0.0812
35 2.972 0.0824 35 3.025 0.0823 35 2.851 0.0807 35 2.752 0.0822
40 3.111 0.0817 40 3.144 0.0815 40 2.960 0.0800 40 2.869 0.0814
45 3.221 0.0806 45 3.258 0.0804 45 3.089 0.0789 45 3.005 0.0803
50 3.339 0.0816 50 3.356 0.0811 50 3.227 0.0796 50 3.155 0.0811
60 3.554 0.0782 60 3.523 0.0775 60 3.491 0.0762 60 3.415 0.0776
70 3.720 0.0755 70 3.659 0.0747 70 3.671 0.0735 70 3.622 0.0750
80 3.780 0.0733 80 3.745 0.0725 80 3.769 0.0715 80 3.739 0.0727
90 3.788 0.0718 90 3.773 0.0710 90 3.801 0.0700 90 3.827 0.0713
100 3.770 0.0743 100 3.745 0.0735 100 3.811 0.0722 100 3.830 0.0730
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120 3.750 0.0762 120 3.693 0.0753 120 3.797 0.0740 120 3.807 0.0748
150 3.739 0.0752 150 3.679 0.0721 150 3.788 0.0719 150 3.780 0.0712
r. m. s.  0.059 r. m. s.  0.059 r. m. s.  0.058 r. m. s.  0.059 
 
 J11(40.0;92.0)  J12(40.0;94.0)  J13(40.0;96.0)  J14(40.0;98.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 3.075 0.0907 8 3.082 0.0917 8 3.075 0.0899 8 2.885 0.0880
9 3.079 0.0894 9 3.082 0.0902 9 3.111 0.0903 9 2.889 0.0878
10 3.058 0.0899 10 3.063 0.0907 10 3.102 0.0909 10 2.886 0.0883
12 3.066 0.0876 12 3.052 0.0889 12 3.087 0.0889 12 2.890 0.0862
14 3.053 0.0856 14 3.039 0.0868 14 3.080 0.0869 14 2.881 0.0843
16 3.020 0.0817 16 3.015 0.0828 16 3.063 0.0830 16 2.895 0.0806
18 2.985 0.0803 18 2.993 0.0811 18 3.054 0.0817 18 2.900 0.0833
20 2.951 0.0757 20 2.961 0.0763 20 3.045 0.0770 20 2.908 0.0784
25 2.909 0.0753 25 2.919 0.0759 25 3.001 0.0765 25 2.910 0.0780
30 2.879 0.0779 30 2.938 0.0786 30 2.994 0.0793 30 2.943 0.0808
35 2.887 0.0788 35 3.034 0.0795 35 3.028 0.0802 35 2.980 0.0817
40 2.989 0.0781 40 3.153 0.0788 40 3.096 0.0795 40 3.061 0.0810
45 3.106 0.0771 45 3.231 0.0778 45 3.200 0.0784 45 3.175 0.0799
50 3.229 0.0777 50 3.303 0.0784 50 3.323 0.0790 50 3.292 0.0805
60 3.436 0.0746 60 3.445 0.0753 60 3.553 0.0759 60 3.499 0.0771
70 3.603 0.0718 70 3.571 0.0729 70 3.684 0.0733 70 3.648 0.0744
80 3.726 0.0699 80 3.687 0.0711 80 3.710 0.0711 80 3.703 0.0723
90 3.787 0.0690 90 3.764 0.0700 90 3.713 0.0692 90 3.734 0.0707
100 3.827 0.0714 100 3.788 0.0724 100 3.691 0.0715 100 3.766 0.0731
120 3.800 0.0729 120 3.772 0.0738 120 3.680 0.0732 120 3.810 0.0750
150 3.797 0.0686 150 3.747 0.0680 150 3.674 0.0704 150 3.839 0.0723
r. m. s.  0.056 r. m. s.  0.057 r. m. s.  0.057 r. m. s.  0.057 
 
 J15(40.0;100.0)  J16(40.0;102.0)  K02(42.0;74.0)  K03(42.0;76.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.799 0.0880 8 2.804 0.0885 8 2.714 0.1043 8 2.731 0.0993
9 2.792 0.0871 9 2.808 0.0874 9 2.714 0.1025 9 2.729 0.0977
10 2.791 0.0876 10 2.809 0.0879 10 2.713 0.1031 10 2.729 0.0997
12 2.791 0.0858 12 2.818 0.0862 12 2.713 0.1008 12 2.737 0.0975
14 2.763 0.0839 14 2.835 0.0843 14 2.710 0.0983 14 2.744 0.0951
16 2.764 0.0804 16 2.845 0.0807 16 2.717 0.0936 16 2.754 0.0907
18 2.785 0.0839 18 2.849 0.0812 18 2.719 0.0918 18 2.772 0.0890
20 2.801 0.0789 20 2.846 0.0765 20 2.720 0.0859 20 2.783 0.0825
25 2.844 0.0784 25 2.875 0.0760 25 2.762 0.0851 25 2.825 0.0820
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30 2.919 0.0813 30 2.964 0.0788 30 2.832 0.0885 30 2.861 0.0852
35 3.011 0.0822 35 3.099 0.0797 35 2.956 0.0900 35 2.927 0.0862
40 3.131 0.0815 40 3.253 0.0790 40 3.072 0.0891 40 3.047 0.0853
45 3.242 0.0803 45 3.370 0.0779 45 3.175 0.0878 45 3.204 0.0841
50 3.360 0.0810 50 3.475 0.0786 50 3.275 0.0885 50 3.312 0.0859
60 3.551 0.0775 60 3.644 0.0754 60 3.421 0.0845 60 3.488 0.0820
70 3.737 0.0747 70 3.737 0.0727 70 3.543 0.0813 70 3.637 0.0785
80 3.768 0.0726 80 3.782 0.0707 80 3.652 0.0787 80 3.725 0.0761
90 3.775 0.0712 90 3.789 0.0694 90 3.736 0.0770 90 3.770 0.0746
100 3.774 0.0736 100 3.788 0.0716 100 3.759 0.0799 100 3.786 0.0776
120 3.754 0.0755 120 3.775 0.0734 120 3.753 0.0821 120 3.788 0.0797
150 3.741 0.0731 150 3.767 0.0704 150 3.731 0.0787 150 3.779 0.0759
r. m. s.  0.057 r. m. s.  0.056 r. m. s.  0.064 r. m. s.  0.062 
 
 K04(42.0;78.0)  K05(42.0;80.0)  K06(42.0;82.0)  K07(42.0;84.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.951 0.0939 8 2.776 0.0936 8 2.748 0.0965 8 2.739 0.0903
9 2.949 0.0925 9 2.791 0.0921 9 2.750 0.0954 9 2.752 0.0887
10 2.942 0.0932 10 2.798 0.0924 10 2.737 0.0962 10 2.764 0.0891
12 2.923 0.0912 12 2.798 0.0905 12 2.725 0.0941 12 2.839 0.0873
14 2.901 0.0891 14 2.796 0.0883 14 2.706 0.0921 14 2.877 0.0853
16 2.870 0.0852 16 2.795 0.0844 16 2.702 0.0879 16 2.893 0.0817
18 2.854 0.0836 18 2.793 0.0828 18 2.694 0.0866 18 2.902 0.0800
20 2.838 0.0787 20 2.799 0.0781 20 2.696 0.0813 20 2.910 0.0753
25 2.812 0.0784 25 2.815 0.0773 25 2.722 0.0805 25 2.925 0.0751
30 2.806 0.0813 30 2.838 0.0802 30 2.785 0.0836 30 2.940 0.0778
35 2.871 0.0819 35 2.893 0.0808 35 2.892 0.0845 35 2.991 0.0787
40 3.000 0.0811 40 2.999 0.0801 40 3.002 0.0838 40 3.110 0.0778
45 3.172 0.0800 45 3.113 0.0790 45 3.111 0.0826 45 3.199 0.0768
50 3.333 0.0809 50 3.257 0.0803 50 3.227 0.0833 50 3.333 0.0778
60 3.627 0.0774 60 3.540 0.0771 60 3.408 0.0789 60 3.605 0.0748
70 3.801 0.0746 70 3.713 0.0744 70 3.618 0.0742 70 3.709 0.0724
80 3.843 0.0724 80 3.767 0.0723 80 3.804 0.0721 80 3.761 0.0704
90 3.854 0.0710 90 3.785 0.0709 90 3.871 0.0707 90 3.773 0.0691
100 3.852 0.0734 100 3.783 0.0734 100 3.875 0.0732 100 3.778 0.0713
120 3.837 0.0753 120 3.782 0.0752 120 3.859 0.0750 120 3.764 0.0731
150 3.827 0.0712 150 3.785 0.0714 150 3.847 0.0711 150 3.756 0.0706
r. m. s.  0.058 r. m. s.  0.058 r. m. s.  0.060 r. m. s.  0.056 
 
 K08(42.0;86.0)  K09(42.0;88.0)  K10(42.0;90.0)  K11(42.0;92.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
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(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.644 0.0945 8 2.885 0.0963 8 3.128 0.0946 8 3.107 0.0949
9 2.649 0.0930 9 2.885 0.0948 9 3.121 0.0932 9 3.097 0.0935
10 2.651 0.0937 10 2.873 0.0954 10 3.087 0.0938 10 3.071 0.0941
12 2.652 0.0916 12 2.850 0.0935 12 3.042 0.0919 12 3.057 0.0918
14 2.652 0.0895 14 2.833 0.0913 14 3.007 0.0897 14 3.032 0.0896
16 2.651 0.0856 16 2.817 0.0872 16 2.970 0.0855 16 3.035 0.0853
18 2.649 0.0841 18 2.794 0.0854 18 2.946 0.0838 18 3.021 0.0846
20 2.649 0.0792 20 2.770 0.0805 20 2.920 0.0788 20 2.998 0.0795
25 2.671 0.0787 25 2.730 0.0800 25 2.874 0.0784 25 2.985 0.0790
30 2.714 0.0815 30 2.726 0.0828 30 2.830 0.0812 30 2.959 0.0819
35 2.792 0.0825 35 2.738 0.0837 35 2.805 0.0821 35 3.037 0.0829
40 2.930 0.0817 40 2.797 0.0829 40 2.852 0.0814 40 3.158 0.0821
45 3.116 0.0806 45 2.880 0.0818 45 2.931 0.0803 45 3.236 0.0810
50 3.267 0.0812 50 2.978 0.0827 50 3.060 0.0811 50 3.310 0.0818
60 3.519 0.0778 60 3.237 0.0791 60 3.285 0.0777 60 3.474 0.0782
70 3.689 0.0749 70 3.512 0.0760 70 3.515 0.0749 70 3.614 0.0757
80 3.752 0.0728 80 3.708 0.0738 80 3.743 0.0729 80 3.717 0.0736
90 3.778 0.0713 90 3.789 0.0723 90 3.849 0.0714 90 3.802 0.0719
100 3.792 0.0738 100 3.804 0.0748 100 3.852 0.0739 100 3.817 0.0732
120 3.785 0.0756 120 3.794 0.0766 120 3.829 0.0757 120 3.871 0.0751
150 3.769 0.0747 150 3.777 0.0738 150 3.811 0.0733 150 3.855 0.0720
r. m. s.  0.059 r. m. s.  0.060 r. m. s.  0.059 r. m. s.  0.059 
 
 K12(42.0;94.0)  K13(42.0;96.0)  K14(42.0;98.0)  K15(42.0;100.0)
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.937 0.0937 8 2.793 0.0894 8 2.800 0.0882 8 2.936 0.0901
9 2.949 0.0923 9 2.797 0.0881 9 2.863 0.0886 9 3.014 0.0907
10 2.962 0.0929 10 2.802 0.0886 10 2.870 0.0892 10 3.024 0.0913
12 2.980 0.0895 12 2.914 0.0863 12 2.887 0.0898 12 3.028 0.0899
14 3.002 0.0875 14 2.950 0.0844 14 2.901 0.0877 14 3.033 0.0878
16 3.009 0.0832 16 2.958 0.0804 16 2.898 0.0835 16 3.037 0.0838
18 3.016 0.0847 18 2.951 0.0809 18 2.888 0.0821 18 3.021 0.0821
20 2.995 0.0795 20 2.939 0.0762 20 2.883 0.0773 20 2.998 0.0772
25 2.973 0.0790 25 2.942 0.0756 25 2.886 0.0767 25 2.967 0.0768
30 3.018 0.0819 30 2.987 0.0783 30 2.939 0.0795 30 2.983 0.0795
35 3.063 0.0829 35 3.054 0.0792 35 3.029 0.0804 35 3.049 0.0805
40 3.128 0.0822 40 3.207 0.0785 40 3.138 0.0797 40 3.149 0.0797
45 3.215 0.0810 45 3.320 0.0774 45 3.242 0.0786 45 3.255 0.0787
50 3.324 0.0817 50 3.409 0.0780 50 3.342 0.0792 50 3.358 0.0794
60 3.555 0.0782 60 3.528 0.0749 60 3.514 0.0760 60 3.514 0.0762
70 3.731 0.0746 70 3.586 0.0726 70 3.614 0.0735 70 3.629 0.0736
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80 3.767 0.0726 80 3.621 0.0708 80 3.665 0.0707 80 3.698 0.0713
90 3.783 0.0717 90 3.644 0.0702 90 3.703 0.0690 90 3.723 0.0691
100 3.776 0.0740 100 3.663 0.0726 100 3.726 0.0714 100 3.736 0.0715
120 3.761 0.0761 120 3.683 0.0741 120 3.742 0.0722 120 3.746 0.0728
150 3.755 0.0728 150 3.720 0.0706 150 3.760 0.0687 150 3.761 0.0673
r. m. s.  0.059 r. m. s.  0.056 r. m. s.  0.057 r. m. s.  0.057 
 
 K16(42.0;102.0)  L07(44.0;84.0)  L08(44.0;86.0)  L09(44.0;88.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 3.005 0.0903 8 2.863 0.0901 8 2.942 0.0919 8 2.907 0.0921
9 3.004 0.0895 9 2.859 0.0887 9 2.936 0.0906 9 2.888 0.0906
10 3.003 0.0900 10 2.853 0.0893 10 2.920 0.0911 10 2.855 0.0912
12 2.990 0.0885 12 2.887 0.0874 12 2.889 0.0892 12 2.811 0.0894
14 2.980 0.0865 14 2.882 0.0854 14 2.863 0.0872 14 2.774 0.0873
16 2.969 0.0827 16 2.870 0.0818 16 2.834 0.0834 16 2.747 0.0836
18 2.949 0.0811 18 2.867 0.0804 18 2.804 0.0820 18 2.719 0.0826
20 2.934 0.0763 20 2.857 0.0758 20 2.783 0.0772 20 2.694 0.0777
25 2.933 0.0758 25 2.843 0.0755 25 2.752 0.0766 25 2.657 0.0772
30 2.996 0.0786 30 2.861 0.0781 30 2.763 0.0793 30 2.644 0.0800
35 3.079 0.0795 35 2.925 0.0790 35 2.846 0.0802 35 2.674 0.0809
40 3.160 0.0788 40 3.082 0.0782 40 2.990 0.0793 40 2.769 0.0801
45 3.236 0.0778 45 3.213 0.0772 45 3.148 0.0783 45 2.904 0.0791
50 3.316 0.0786 50 3.369 0.0778 50 3.287 0.0791 50 3.048 0.0800
60 3.458 0.0754 60 3.645 0.0747 60 3.561 0.0758 60 3.368 0.0767
70 3.573 0.0728 70 3.794 0.0721 70 3.774 0.0731 70 3.685 0.0739
80 3.645 0.0708 80 3.841 0.0702 80 3.883 0.0711 80 3.811 0.0717
90 3.687 0.0691 90 3.841 0.0689 90 3.896 0.0697 90 3.898 0.0703
100 3.714 0.0714 100 3.831 0.0711 100 3.893 0.0720 100 3.901 0.0725
120 3.749 0.0730 120 3.808 0.0729 120 3.877 0.0738 120 3.875 0.0742
150 3.764 0.0668 150 3.802 0.0706 150 3.869 0.0720 150 3.848 0.0725
r. m. s.  0.057 r. m. s.  0.056 r. m. s.  0.057 r. m. s.  0.058 
 
 L10(44.0;90.0)  L11(44.0;92.0)  L12(44.0;94.0)  L13(44.0;96.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.738 0.0893 8 2.938 0.0936 8 3.078 0.0949 8 3.079 0.0970
9 2.742 0.0881 9 2.942 0.0921 9 3.081 0.0935 9 3.086 0.0955
10 2.747 0.0886 10 2.947 0.0927 10 3.080 0.0941 10 3.092 0.0962
12 2.752 0.0869 12 2.954 0.0907 12 3.076 0.0919 12 3.121 0.0935
14 2.752 0.0849 14 2.951 0.0886 14 3.064 0.0897 14 3.131 0.0913
16 2.758 0.0813 16 2.939 0.0845 16 3.053 0.0854 16 3.128 0.0869
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18 2.763 0.0807 18 2.930 0.0829 18 3.026 0.0835 18 3.110 0.0851
20 2.776 0.0760 20 2.925 0.0779 20 3.010 0.0785 20 3.097 0.0800
25 2.833 0.0756 25 2.940 0.0775 25 2.981 0.0780 25 3.096 0.0794
30 2.938 0.0783 30 2.993 0.0803 30 2.976 0.0809 30 3.111 0.0824
35 3.062 0.0792 35 3.071 0.0813 35 3.057 0.0819 35 3.195 0.0834
40 3.202 0.0785 40 3.166 0.0806 40 3.175 0.0811 40 3.315 0.0825
45 3.306 0.0775 45 3.258 0.0795 45 3.267 0.0800 45 3.425 0.0814
50 3.412 0.0782 50 3.362 0.0803 50 3.353 0.0808 50 3.513 0.0820
60 3.602 0.0750 60 3.557 0.0770 60 3.492 0.0773 60 3.668 0.0784
70 3.767 0.0724 70 3.697 0.0744 70 3.584 0.0746 70 3.719 0.0737
80 3.807 0.0705 80 3.748 0.0725 80 3.637 0.0725 80 3.740 0.0714
90 3.821 0.0691 90 3.769 0.0711 90 3.669 0.0710 90 3.745 0.0700
100 3.820 0.0715 100 3.769 0.0736 100 3.668 0.0725 100 3.747 0.0710
120 3.814 0.0731 120 3.767 0.0755 120 3.667 0.0744 120 3.754 0.0729
150 3.815 0.0686 150 3.760 0.0669 150 3.654 0.0660 150 3.750 0.0657
r. m. s.  0.056 r. m. s.  0.058 r. m. s.  0.058 r. m. s.  0.059 
 
 L14(44.0;98.0)  M09(46.0;88.0)  M10(46.0;90.0)  M11(46.0;92.0) 
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 3.040 0.0898 8 2.921 0.0930 8 3.024 0.0958 8 3.085 0.0899
9 3.042 0.0883 9 2.924 0.0916 9 3.026 0.0942 9 3.105 0.0885
10 3.045 0.0889 10 2.928 0.0921 10 3.029 0.0948 10 3.126 0.0890
12 3.039 0.0856 12 2.914 0.0902 12 3.022 0.0928 12 3.142 0.0872
14 3.047 0.0837 14 2.912 0.0881 14 3.006 0.0906 14 3.157 0.0852
16 3.046 0.0799 16 2.912 0.0842 16 2.972 0.0865 16 3.144 0.0816
18 3.031 0.0786 18 2.911 0.0827 18 2.955 0.0849 18 3.129 0.0801
20 3.005 0.0741 20 2.916 0.0778 20 2.961 0.0797 20 3.103 0.0754
25 3.000 0.0737 25 2.923 0.0774 25 2.972 0.0792 25 3.007 0.0750
30 3.060 0.0762 30 2.979 0.0802 30 3.008 0.0822 30 2.994 0.0777
35 3.172 0.0771 35 3.069 0.0811 35 3.058 0.0832 35 3.021 0.0785
40 3.310 0.0764 40 3.180 0.0802 40 3.129 0.0824 40 3.047 0.0779
45 3.412 0.0754 45 3.292 0.0792 45 3.220 0.0813 45 3.129 0.0769
50 3.495 0.0760 50 3.392 0.0799 50 3.317 0.0821 50 3.243 0.0777
60 3.593 0.0730 60 3.539 0.0766 60 3.482 0.0787 60 3.459 0.0746
70 3.643 0.0707 70 3.642 0.0738 70 3.603 0.0758 70 3.578 0.0722
80 3.668 0.0689 80 3.710 0.0718 80 3.672 0.0736 80 3.619 0.0703
90 3.667 0.0682 90 3.747 0.0704 90 3.715 0.0722 90 3.620 0.0690
100 3.668 0.0703 100 3.766 0.0727 100 3.738 0.0747 100 3.608 0.0714
120 3.679 0.0722 120 3.774 0.0745 120 3.763 0.0766 120 3.599 0.0731
150 3.677 0.0658 150 3.775 0.0660 150 3.771 0.0657 150 3.592 0.0658
r. m. s.  0.055 r. m. s.  0.058 r. m. s.  0.059 r. m. s.  0.056 
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 M12(46.0;94.0)       
Period U ρg Period U ρg Period U ρg Period U ρg 
(s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s) (s) (km/s) (km/s)
8 2.939 0.0888 8   8   8   
9 2.945 0.0875 9   9   9   
10 2.955 0.0880 10   10   10   
12 2.959 0.0863 12   12   12   
14 2.958 0.0844 14   14   14   
16 2.950 0.0807 16   16   16   
18 2.937 0.0794 18   18   18   
20 2.923 0.0749 20   20   20   
25 2.932 0.0745 25   25   25   
30 2.984 0.0771 30   30   30   
35 3.071 0.0780 35   35   35   
40 3.177 0.0773 40   40   40   
45 3.291 0.0763 45   45   45   
50 3.403 0.0770 50   50   50   
60 3.578 0.0739 60   60   60   
70 3.690 0.0715 70   70   70   
80 3.754 0.0697 80   80   80   
90 3.782 0.0684 90   90   90   
100 3.788 0.0706 100   100   100   
120 3.778 0.0723 120   120   120   
150 3.771 0.0661 150   150   150   
r. m. s.  0.056 r. m. s.   r. m. s.   r. m. s.   
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Appendix II 
Parameterization used in the cellular non-linear inversion 
Table A2.1 Parameterization used in the cellular non-linear inversion. The uppermost layers are 
fixed on the base of available literature (Sun et al. 2004). h is thickness. Vs is shear-wave velocity. 
Vp is compressional-wave velocity. ρ is the density. The variable parameters are Pi, with i=1, …, 5 
for Vs(km/s) and i=6, …, 10 for thickness(km). 
 
A11(22.0;92.0) A12(22.0;94.0) A13(22.0;96.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.84 4.91 2.17 8 2.84 4.91 2.17 8 2.83 4.90 2.16 
8 3.05 5.28 2.31 8 3.12 5.40 2.45 8 2.97 5.14 2.30 
8 3.37 5.83 2.78 8 3.40 5.88 2.78 8 3.30 5.71 2.67 
8 3.52 6.09 3.01 8 3.61 6.25 3.04 8 3.50 6.06 2.98 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range h Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 7-10 P6 3 7-10 P6 3 7-10 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 30 60-90 P8 30 60-90 P8 25 60-85 
P9 30 65-95 P9 30 65-95 P9 30 60-90 
P10 30 35-65 P10 30 35-65 P10 30 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.60-4.20 P1 0.15 3.70-4.30 P1 0.25 3.65-4.15 
P2 0.15 3.80-4.40 P2 0.10 3.80-4.40 P2 0.15 3.80-4.40 
P3 0.15 4.10-4.70 P3 0.10 4.00-4.70 P3 0.25 4.20-4.70 
P4 0.20 4.00-4.60 P4 0.15 4.00-4.75 P4 0.25 4.15-4.65 
P5 0.30 4.15-4.75 P5 0.15 4.15-4.75 P5 0.40 4.35-4.75 
 
A14(22.0;98.0) A15(22.0;100.0) A16(22.0;102.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.78 4.81 2.12 8 3.02 5.22 2.35 8 2.95 5.10 2.28 
8 3.00 5.19 2.33 8 3.15 5.45 2.47 8 3.00 5.19 2.33 
8 3.39 5.86 2.79 8 3.50 6.06 2.80 8 3.45 5.97 2.77 
8 3.53 6.11 3.00 8 3.61 6.25 2.98 8 3.63 6.28 3.00 
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P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 9-12 P6 3 12-18 P6 3 12-18 
P7 10 35-45 P7 5 30-40 P7 5 30-40 
P8 30 65-95 P8 20 65-85 P8 35 50-85 
P9 25 65-90 P9 30 65-95 P9 35 60-95 
P10 30 35-65 P10 30 25-55 P10 30 25-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.60-4.20 P1 0.20 3.55-4.15 P1 0.10 3.55-4.25 
P2 0.15 3.85-4.45 P2 0.10 3.75-4.55 P2 0.10 3.75-4.55 
P3 0.15 4.00-4.75 P3 0.15 4.15-4.75 P3 0.10 4.05-4.75 
P4 0.20 4.10-4.70 P4 0.20 4.00-4.60 P4 0.20 4.05-4.65 
P5 0.40 4.35-4.75 P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 
 
A17(22.0;104.0) A18(22.0;106.0) B05(24.0;80.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.97 5.14 2.30 8 2.85 4.93 2.19 8 3.11 5.60 2.43 
8 3.14 5.43 2.46 8 2.94 5.09 2.27 8 3.37 6.07 2.69 
8 3.30 5.71 2.72 8 3.40 5.88 2.72 8 3.58 6.44 2.84 
8 3.51 6.07 2.93 8 3.55 6.14 2.96 8 3.59 6.46 2.98 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 7-13 P6 3 7-13 P6 3 7-10 
P7 10 30-40 P7 5 25-35 P7 10 30-40 
P8 25 55-80 P8 15 65-80 P8 10 85-95 
P9 35 75-110 P9 15 80-95 P9 25 60-85 
P10 40 25-65 P10 20 55-75 P10 10 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-4.25 P1 0.10 3.50-4.30 P1 0.05 3.60-4.05 
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P2 0.10 3.75-4.55 P2 0.20 3.85-4.45 P2 0.10 3.80-4.40 
P3 0.20 4.10-4.70 P3 0.10 4.05-4.75 P3 0.15 4.15-4.75 
P4 0.20 4.00-4.60 P4 0.20 4.10-4.70 P4 0.10 4.15-4.65 
P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 P5 0.30 4.15-4.75 
 
B06(24.0;82.0) B11(24.0;92.0) B12(24.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.23 5.81 2.56 8 2.80 4.84 2.14 8 2.84 4.91 2.18 
8 3.60 6.48 2.85 8 2.93 5.07 2.26 8 2.89 5.00 2.22 
8 3.83 6.89 2.97 8 3.36 5.81 2.77 8 3.43 5.93 2.75 
8 3.84 6.91 3.11 8 3.47 6.00 2.97 8 3.60 6.23 2.98 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 8-11 P6 3 8-11 
P7 10 20-30 P7 10 30-40 P7 10 35-45 
P8 15 85-100 P8 30 60-90 P8 30 60-90 
P9 20 70-90 P9 30 65-95 P9 30 65-95 
P10 25 30-55 P10 30 35-65 P10 30 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.80-4.45 P1 0.15 3.65-4.25 P1 0.15 3.65-4.25 
P2 0.10 4.05-4.55 P2 0.20 3.80-4.40 P2 0.10 3.80-4.40 
P3 0.10 4.05-4.75 P3 0.20 3.95-4.75 P3 0.20 4.10-4.70 
P4 0.20 4.10-4.70 P4 0.15 4.05-4.65 P4 0.30 4.20-4.80 
P5 0.35 4.05-4.75 P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 
 
B13(24.0;96.0) B14(24.0;98.0) B15(24.0;100.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.88 4.98 2.22 8 3.08 5.33 2.31 8 3.08 5.33 2.40 
8 3.01 5.21 2.34 8 3.20 5.54 2.58 8 3.20 5.54 2.52 
8 3.45 5.97 2.77 8 3.40 5.88 2.71 8 3.32 5.74 2.64 
8 3.70 6.40 3.03 8 3.54 6.12 2.90 8 3.44 5.95 2.90 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
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P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 10-13 P6 3 11-14 P6 3 12-15 
P7 10 30-40 P7 10 30-40 P7 5 30-40 
P8 30 65-95 P8 30 60-90 P8 20 65-85 
P9 30 60-90 P9 30 60-90 P9 30 65-95 
P10 30 35-65 P10 35 30-65 P10 30 25-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.65-4.25 P1 0.15 3.55-4.30 P1 0.20 3.55-4.15 
P2 0.15 3.80-4.40 P2 0.10 3.85-4.45 P2 0.10 3.75-4.55 
P3 0.25 4.15-4.65 P3 0.05 4.00-4.75 P3 0.15 4.15-4.75 
P4 0.30 4.20-4.80 P4 0.10 4.00-4.70 P4 0.20 4.10-4.70 
P5 0.35 4.05-4.75 P5 0.25 4.00-4.75 P5 0.30 4.15-4.75 
 
B16(24.0;102.0) B17(24.0;104.0) B18(24.0;106.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.97 5.14 2.30 8 2.68 4.64 2.02 8 2.85 4.93 2.18 
8 3.03 5.24 2.36 8 2.86 4.95 2.20 8 2.97 5.14 2.30 
8 3.44 5.95 2.75 8 3.30 5.71 2.72 8 3.40 5.88 2.72 
8 3.55 6.14 2.95 8 3.50 6.06 2.95 8 3.51 6.07 2.94 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-18 P6 3 9-15 P6 3 7-13 
P7 10 30-40 P7 10 30-40 P7 5 30-40 
P8 20 40-80 P8 30 60-90 P8 20 70-90 
P9 20 80-100 P9 30 65-95 P9 35 70-105 
P10 30 40-70 P10 40 30-70 P10 30 25-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-4.25 P1 0.05 3.50-4.30 P1 0.05 3.50-4.30 
P2 0.20 3.85-4.45 P2 0.05 3.70-4.45 P2 0.10 3.70-4.50 
P3 0.20 4.10-4.70 P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 
P4 0.20 4.00-4.60 P4 0.15 4.10-4.70 P4 0.15 4.00-4.75 
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P5 0.35 4.05-4.75 P5 0.20 4.15-4.75 P5 0.35 4.05-4.75 
 
C04(26.0;78.0) C05(26.0;80.0) C06(26.0;82.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.07 5.53 2.39 8 3.12 5.62 2.44 8 3.04 5.47 2.37 
8 3.25 5.85 2.58 8 3.38 6.08 2.69 8 3.47 6.25 2.78 
8 3.51 6.32 2.80 8 3.66 6.59 2.88 8 3.67 6.61 2.88 
8 3.67 6.61 3.02 8 3.70 6.66 3.04 8 3.64 6.55 3.00 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 7-13 P6 3 20-23 P6 3 20-23 
P7 10 30-40 P7 10 20-30 P7 10 20-30 
P8 20 75-95 P8 15 85-100 P8 15 85-100 
P9 20 65-85 P9 25 60-85 P9 20 70-90 
P10 30 40-70 P10 25 50-75 P10 25 30-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.60-4.15 P1 0.10 3.85-4.45 P1 0.10 3.85-4.45 
P2 0.10 4.10-4.40 P2 0.10 4.20-4.50 P2 0.10 4.05-4.55 
P3 0.15 4.15-4.75 P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 
P4 0.10 4.10-4.70 P4 0.10 4.10-4.70 P4 0.10 4.10-4.70 
P5 0.25 4.25-4.75 P5 0.35 4.05-4.75 P5 0.15 4.15-4.75 
 
C07(26.0;84.0) C08(26.0;86.0) C09(26.0;88.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.19 5.74 2.52 8 3.01 5.42 2.34 8 2.87 5.17 2.21 
8 3.46 6.23 2.78 8 3.47 6.25 2.78 8 3.23 5.81 2.55 
8 3.65 6.57 2.87 8 3.72 6.70 2.91 8 3.42 6.16 2.74 
8 3.58 6.44 2.97 8 3.70 6.66 3.04 8 3.52 6.34 2.94 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
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(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 20-23 P6 3 20-23 
P7 10 20-30 P7 10 20-30 P7 10 20-30 
P8 15 85-100 P8 15 85-100 P8 15 85-100 
P9 20 70-90 P9 20 75-95 P9 20 75-95 
P10 25 30-55 P10 25 30-55 P10 25 30-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.80-4.45 P1 0.05 3.80-4.45 P1 0.05 3.80-4.45 
P2 0.10 4.05-4.55 P2 0.10 4.05-4.55 P2 0.10 4.05-4.55 
P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 
P4 0.20 4.10-4.70 P4 0.20 4.10-4.70 P4 0.10 4.10-4.70 
P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 
 
C10(26.0;90.0) C11(26.0;92.0) C12(26.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.92 5.05 2.25 8 2.88 4.98 2.22 8 2.90 5.02 2.23 
8 3.01 5.21 2.34 8 3.18 5.50 2.50 8 3.05 5.28 2.38 
8 3.31 5.73 2.63 8 3.30 5.71 2.62 8 3.36 5.81 2.68 
8 3.47 6.00 2.91 8 3.31 5.73 2.82 8 3.46 5.99 2.90 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 6- P6 3 8-11 P6 3 9-15 
P7 10 20-30 P7 10 20-30 P7 10 30-40 
P8 15 75-90 P8 15 70-85 P8 30 60-90 
P9 20 75-95 P9 20 75-95 P9 30 65-95 
P10 25 30-55 P10 25 40-65 P10 35 35-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.70-4.30 P1 0.15 3.65-4.40 P1 0.05 3.50-4.30 
P2 0.20 3.95-4.55 P2 0.20 3.95-4.55 P2 0.10 3.80-4.40 
P3 0.20 3.95-4.75 P3 0.10 4.05-4.75 P3 0.10 4.10-4.70 
P4 0.25 3.95-4.70 P4 0.15 4.00-4.75 P4 0.15 4.00-4.75 
P5 0.35 4.05-4.75 P5 0.20 4.15-4.75 P5 0.15 4.15-4.75 
 
C13(26.0;96.0) C14(26.0;98.0) C15(26.0;100.0) 
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H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.96 5.12 2.29 8 3.18 5.50 2.51 8 2.65 4.58 1.99 
8 2.93 5.07 2.27 8 3.19 5.52 2.52 8 2.83 4.90 2.17 
8 3.37 5.83 2.69 8 3.37 5.83 2.68 8 3.17 5.48 2.69 
8 3.56 6.16 2.96 8 3.50 6.06 2.93 8 3.46 5.99 2.91 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 5 12-17 P6 3 12-15 P6 3 12-15 
P7 10 30-40 P7 5 25-30 P7 5 25-30 
P8 25 60-85 P8 25 80-105 P8 25 80-105 
P9 25 65-90 P9 30 60-90 P9 30 60-90 
P10 35 35-70 P10 20 50-70 P10 20 40-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.50-4.25 P1 0.15 3.60-4.20 P1 0.05 3.50-4.30 
P2 0.15 3.80-4.40 P2 0.20 3.90-4.30 P2 0.05 3.80-4.45 
P3 0.20 4.05-4.65 P3 0.20 4.10-4.70 P3 0.05 4.10-4.85 
P4 0.25 4.15-4.65 P4 0.20 4.10-4.70 P4 0.10 4.00-4.70 
P5 0.40 4.35-4.75 P5 0.35 4.05-4.75 P5 0.30 4.15-4.75 
 
C16(26.0;102.0) C17(26.0;104.0) C18(26.0;106.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.11 5.60 2.43 8 2.92 5.05 2.25 8 2.99 5.17 2.32 
8 2.80 5.04 2.14 8 2.97 5.14 2.30 8 3.17 5.48 2.49 
8 2.91 5.24 2.24 8 3.41 5.90 2.73 8 3.41 5.90 2.72 
8 3.18 5.72 2.73 8 3.58 6.19 2.97 8 3.68 6.37 2.97 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 10-13 P6 3 7-13 P6 3 13-16 
P7 5 25-30 P7 5 30-40 P7 5 35-40 
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P8 25 50-75 P8 20 70-90 P8 25 60-85 
P9 25 85-110 P9 35 70-105 P9 25 75-100 
P10 30 40-70 P10 25 30-55 P10 25 35-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.05 3.50-4.30 P1 0.10 3.55-4.25 
P2 0.10 3.55-4.25 P2 0.10 3.70-4.50 P2 0.10 3.75-4.55 
P3 0.20 4.05-4.85 P3 0.10 4.10-4.70 P3 0.05 4.05-4.75 
P4 0.20 4.00-4.60 P4 0.15 4.00-4.75 P4 0.15 4.00-4.75 
P5 0.25 4.00-4.75 P5 0.35 4.05-4.75 P5 0.25 4.25-4.75 
 
D04(28.0;78.0) D05(28.0;80.0) D06(28.0;82.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.13 5.63 2.46 8 3.23 5.81 2.55 8 2.91 5.24 2.25 
8 3.36 6.05 2.68 8 3.46 6.23 2.78 8 3.33 5.99 2.65 
8 3.67 6.61 2.88 8 3.66 6.59 2.88 8 3.61 6.50 2.85 
8 3.73 6.71 3.05 8 3.76 6.77 3.07 8 3.56 6.41 2.96 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 7-13 P6 3 7-10 P6 3 7-10 
P7 10 30-40 P7 10 35-45 P7 10 35-45 
P8 20 75-95 P8 20 75-95 P8 15 80-95 
P9 20 65-85 P9 15 70-85 P9 20 75-95 
P10 30 40-70 P10 30 40-70 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.60-4.25 P1 0.05 3.60-4.25 P1 0.10 3.60-4.20 
P2 0.10 4.10-4.40 P2 0.10 4.10-4.40 P2 0.10 4.05-4.45 
P3 0.15 4.00-4.75 P3 0.15 4.15-4.75 P3 0.10 4.10-4.80 
P4 0.25 4.00-4.75 P4 0.25 4.00-4.75 P4 0.10 4.10-4.70 
P5 0.55 4.20-4.75 P5 0.25 4.25-4.75 P5 0.20 4.15-4.75 
 
D07(28.0;84.0) D08(28.0;86.0) D09(28.0;88.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.98 5.36 2.31 8 3.06 5.51 2.39 8 2.95 5.31 2.28 
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8 3.23 5.81 2.55 8 3.20 5.76 2.52 8 3.24 5.83 2.56 
8 3.31 5.96 2.63 8 3.25 5.85 2.60 8 3.47 6.25 2.79 
8 3.36 6.05 2.85 8 3.55 6.39 2.95 8 3.49 6.28 2.92 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 7-10 P6 3 10-13 P6 3 10-13 
P7 10 35-45 P7 5 30-35 P7 10 35-45 
P8 15 75-90 P8 15 75-90 P8 25 65-90 
P9 20 75-95 P9 20 75-95 P9 30 65-95 
P10 30 40-70 P10 30 40-70 P10 30 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.60-4.20 P1 0.10 3.65-4.25 P1 0.10 3.60-4.20 
P2 0.05 4.05-4.45 P2 0.10 4.05-4.65 P2 0.10 4.10-4.40 
P3 0.10 4.10-4.80 P3 0.10 4.10-4.70 P3 0.20 4.05-4.65 
P4 0.15 4.05-4.65 P4 0.15 4.05-4.65 P4 0.20 4.15-4.75 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
D10(28.0;90.0) D11(28.0;92.0) D12(28.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.79 5.02 2.13 8 2.90 5.22 2.23 8 2.96 5.12 2.29 
8 3.11 5.60 2.44 8 3.10 5.58 2.43 8 3.06 5.29 2.38 
8 3.30 5.94 2.72 8 3.41 6.14 2.73 8 3.37 5.83 2.68 
8 3.54 6.37 2.95 8 3.50 6.30 2.93 8 3.45 5.97 2.90 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 10-13 P6 3 15-18 P6 3 12-15 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 15 75-90 P8 15 65-80 P8 25 60-85 
P9 20 75-95 P9 20 75-95 P9 25 65-90 
P10 30 30-60 P10 30 30-60 P10 35 35-70 
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Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.60-4.25 P1 0.10 3.60-4.00 P1 0.10 3.50-4.30 
P2 0.10 4.10-4.40 P2 0.05 4.10-4.45 P2 0.20 3.90-4.30 
P3 0.10 4.10-4.70 P3 0.10 4.05-4.75 P3 0.20 4.10-4.70 
P4 0.05 4.05-4.75 P4 0.10 4.10-4.70 P4 0.15 4.00-4.75 
P5 0.25 4.25-4.75 P5 0.25 4.25-4.75 P5 0.30 4.15-4.75 
 
D13(28.0;96.0) D14(28.0;98.0) D15(28.0;100.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.81 4.86 2.15 8 3.29 5.92 2.61 8 3.12 5.62 2.45 
8 2.97 5.14 2.30 8 3.07 5.53 2.40 8 3.07 5.53 2.40 
8 3.39 5.86 2.71 8 2.99 5.38 2.32 8 3.04 5.47 2.36 
8 3.44 5.95 2.90 8 3.31 5.96 2.83 8 3.04 5.47 2.59 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 9-12 P6 4 14-18 P6 4 14-18 
P7 10 30-40 P7 10 20-30 P7 10 20-30 
P8 30 60-90 P8 20 55-75 P8 20 55-75 
P9 30 55-85 P9 25 80-105 P9 25 80-105 
P10 35 35-70 P10 30 40-70 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-4.30 P1 0.05 3.40-3.85 P1 0.05 3.40-3.85 
P2 0.05 3.80-4.45 P2 0.05 3.50-4.15 P2 0.05 3.50-4.15 
P3 0.05 4.05-4.75 P3 0.05 4.05-4.85 P3 0.05 4.05-4.85 
P4 0.15 4.00-4.75 P4 0.10 4.10-4.70 P4 0.10 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
D16(28.0;102.0) D17(28.0;104.0) D18(28.0;106.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.11 5.38 2.43 8 3.04 5.26 2.37 8 3.07 5.31 2.40 
8 3.18 5.50 2.51 8 3.11 5.38 2.44 8 3.05 5.28 2.38 
8 3.32 5.74 2.64 8 3.33 5.76 2.65 8 3.39 5.86 2.71 
8 3.44 5.95 2.89 8 3.48 6.02 2.92 8 3.46 5.99 2.91 
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P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-18 P6 3 12-18 P6 3 12-18 
P7 5 20-40 P7 5 30-40 P7 5 30-40 
P8 20 70-90 P8 35 55-90 P8 35 50-85 
P9 35 70-105 P9 35 70-105 P9 35 70-105 
P10 30 25-55 P10 30 25-55 P10 30 25-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.50-4.30 P1 0.05 3.50-4.30 P1 0.05 3.50-4.30 
P2 0.10 3.70-4.50 P2 0.10 3.70-4.50 P2 0.10 3.70-4.50 
P3 0.10 4.10-4.70 P3 0.10 4.10-4.70 P3 0.10 4.10-4.70 
P4 0.20 4.10-4.70 P4 0.20 4.10-4.70 P4 0.20 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 
 
E01(30.0;72.0) E02(30.0;74.0) E03(30.0;76.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.94 5.29 2.27 8 2.97 5.35 2.30 8 2.99 5.38 f 
8 3.12 5.62 2.45 8 3.15 5.67 2.47 8 3.21 5.78 2.54 
8 3.39 6.10 2.71 8 3.44 6.19 2.76 8 3.49 6.28 2.79 
8 3.51 6.32 2.93 8 3.55 6.39 2.96 8 3.59 6.46 2.98 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 10-13 P6 3 7-13 P6 3 10-13 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 15 80-95 P8 20 75-95 P8 15 80-95 
P9 25 60-85 P9 25 60-85 P9 25 85-110 
P10 30 30-60 P10 30 30-60 P10 30 20-50 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.60-4.25 P1 0.05 3.60-4.25 P1 0.05 3.60-4.25 
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P2 0.10 4.10-4.50 P2 0.15 4.10-4.55 P2 0.15 4.10-4.40 
P3 0.15 4.05-4.65 P3 0.10 4.10-4.70 P3 0.10 4.10-4.70 
P4 0.10 4.10-4.70 P4 0.15 4.15-4.75 P4 0.20 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.60 4.15-4.75 
 
E04(30.0;78.0) E05(30.0;80.0) E06(30.0;82.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.17 5.71 2.49 8 2.91 5.24 2.24 8 3.03 5.45 2.36 
8 3.39 6.10 2.71 8 3.28 5.90 2.60 8 3.33 5.99 2.65 
8 3.56 6.41 2.83 8 3.38 6.08 2.70 8 3.48 6.26 2.79 
8 3.61 6.50 2.99 8 3.35 6.03 2.84 8 3.38 6.08 2.86 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-15 P6 3 12-15 P6 3 15-18 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 20 70-90 P8 20 65-85 P8 20 65-85 
P9 20 70-90 P9 20 70-90 P9 20 75-95 
P10 30 20-50 P10 30 20-50 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.60-4.20 P1 0.10 3.65-4.25 P1 0.10 3.60-4.20 
P2 0.05 4.05-4.45 P2 0.10 4.10-4.40 P2 0.10 4.10-4.40 
P3 0.10 4.05-4.85 P3 0.10 4.05-4.85 P3 0.10 4.10-4.80 
P4 0.05 4.05-4.75 P4 0.10 4.10-4.70 P4 0.10 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
E07(30.0;84.0) E08(30.0;86.0) E09(30.0;88.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.94 5.29 2.27 8 3.21 5.78 2.53 8 3.22 5.80 2.54 
8 3.15 5.67 2.48 8 3.35 6.03 2.67 8 3.21 5.78 2.54 
8 3.31 5.96 2.63 8 3.39 6.10 2.71 8 3.35 6.03 2.67 
8 3.43 6.17 2.89 8 3.35 6.03 2.85 8 3.42 6.16 2.88 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
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P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 5 20-25 P6 3 25-28 P6 3 25-28 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 20 65-85 P8 15 60-75 P8 15 60-75 
P9 25 75-100 P9 20 70-90 P9 20 70-90 
P10 30 30-60 P10 30 40-70 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.60-4.25 P1 0.15 3.65-4.25 P1 0.10 3.60-4.20 
P2 0.10 4.10-4.50 P2 0.10 4.10-4.50 P2 0.10 4.10-4.40 
P3 0.10 4.10-4.80 P3 0.10 4.10-4.80 P3 0.10 4.10-4.80 
P4 0.10 4.05-4.75 P4 0.20 4.10-4.70 P4 0.15 4.15-4.75 
P5 0.40 4.35-4.75 P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 
 
E10(30.0;90.0) E11(30.0;92.0) E12(30.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.96 5.33 2.29 8 2.75 4.95 2.08 8 3.13 5.63 2.46 
8 3.10 5.58 2.42 8 2.96 5.33 2.29 8 3.09 5.56 2.42 
8 3.44 6.19 2.76 8 3.32 5.98 2.64 8 3.01 5.42 2.34 
8 3.54 6.37 2.95 8 3.42 6.16 2.88 8 3.24 5.83 2.79 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 5 27-32 P6 3 15-18 P6 3 15-18 
P7 10 30-40 P7 5 25-30 P7 5 25-30 
P8 15 60-75 P8 20 55-75 P8 20 50-70 
P9 20 75-95 P9 25 80-105 P9 30 80-110 
P10 35 45-80 P10 30 55-85 P10 30 45-75 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.65-4.25 P1 0.05 3.40-3.85 P1 0.05 3.40-3.85 
P2 0.10 4.10-4.40 P2 0.05 3.50-4.25 P2 0.05 3.50-4.25 
P3 0.10 4.10-4.80 P3 0.05 4.05-4.85 P3 0.10 4.10-4.80 
P4 0.15 4.15-4.75 P4 0.10 4.00-4.70 P4 0.10 4.00-4.70 
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P5 0.25 4.25-4.75 P5 0.25 4.25-4.75 P5 0.15 4.15-4.75 
 
E13(30.0;96.0) E14(30.0;98.0) E15(30.0;100.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.17 5.71 2.50 8 3.32 5.98 2.64 8 3.14 5.65 2.46 
8 3.11 5.60 2.44 8 3.16 5.69 2.49 8 3.27 5.89 2.59 
8 3.05 5.49 2.38 8 3.14 5.65 2.48 8 3.30 5.94 2.62 
8 3.24 5.83 2.75 8 3.15 5.67 2.50 8 3.37 6.07 2.86 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 5 13-18 P6 4 14-18 P6 3 22-28 
P7 10 20-30 P7 10 20-30 P7 5 30-35 
P8 20 55-75 P8 20 55-75 P8 25 45-70 
P9 20 85-105 P9 25 80-105 P9 25 60-85 
P10 30 45-75 P10 30 40-70 P10 30 45-105 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.10 3.60-3.90 
P2 0.15 3.60-4.20 P2 0.15 3.60-4.20 P2 0.15 3.80-4.40 
P3 0.15 4.05-4.80 P3 0.10 4.10-4.80 P3 0.10 4.05-4.75 
P4 0.10 4.00-4.70 P4 0.10 4.15-4.75 P4 0.15 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.25 4.25-4.75 
 
E16(30.0;102.0) E17(30.0;104.0) E18(30.0;106.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.09 5.56 2.42 8 3.13 5.43 2.46 8 3.15 5.46 2.48 
8 3.20 5.76 2.52 8 3.11 5.38 2.43 8 3.16 5.47 2.48 
8 3.29 5.92 2.62 8 3.28 5.67 2.60 8 3.38 5.85 2.69 
8 3.42 6.16 2.88 8 3.37 6.26 2.86 8 3.53 6.11 2.94 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
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(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 5 25-30 P6 3 15-18 P6 3 12-18 
P7 10 20-30 P7 3 25-28 P7 5 30-40 
P8 20 60-80 P8 25 70-95 P8 25 65-90 
P9 40 65-105 P9 25 80-105 P9 25 80-105 
P10 30 20-50 P10 30 35-65 P10 30 35-65 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.65-4.25 P1 0.10 3.60-4.20 P1 0.05 3.50-4.30 
P2 0.20 3.85-4.45 P2 0.10 3.75-4.45 P2 0.05 3.70-4.55 
P3 0.15 4.00-4.75 P3 0.15 4.15-4.75 P3 0.15 4.10-4.70 
P4 0.20 4.15-4.75 P4 0.20 4.05-4.65 P4 0.20 4.15-4.75 
P5 0.35 4.05-4.75 P5 0.30 4.15-4.75 P5 0.25 4.25-4.75 
 
E19(30.0;108.0) F01(32.0;72.0) F02(32.0;74.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.22 5.57 2.55 8 2.93 5.07 2.26 8 2.96 5.12 2.40 
8 3.16 5.47 2.49 8 2.97 5.14 2.30 8 3.09 5.35 2.63 
8 3.28 5.67 2.60 8 3.30 5.71 2.68 8 3.38 5.85 2.79 
8 3.37 5.83 2.86 8 3.41 5.90 2.91 8 3.46 5.99 2.96 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-18 P6 3 10-13 P6 3 12-15 
P7 5 30-40 P7 10 30-40 P7 10 25-35 
P8 35 55-90 P8 20 75-95 P8 20 70-90 
P9 35 70-105 P9 25 60-85 P9 25 65-90 
P10 30 25-55 P10 30 30-60 P10 30 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.50-4.30 P1 0.10 3.60-3.90 P1 0.10 3.65-4.05 
P2 0.10 3.70-4.50 P2 0.10 3.75-4.45 P2 0.10 3.70-4.40 
P3 0.10 4.10-4.70 P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 
P4 0.20 4.15-4.75 P4 0.10 4.10-4.70 P4 0.10 4.05-4.75 
P5 0.35 4.05-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
F03(32.0;76.0) F04(32.0;78.0) F05(32.0;80.0) 
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H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.07 5.53 2.40 8 3.12 5.62 2.44 8 3.08 5.54 2.41 
8 3.31 5.96 2.63 8 3.35 6.03 2.67 8 3.19 5.74 2.52 
8 3.49 6.28 2.79 8 3.34 6.01 2.66 8 3.21 5.78 2.53 
8 3.55 6.39 2.96 8 3.44 6.19 2.84 8 3.25 5.85 2.79 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 18-21 P6 3 15-18 
P7 10 30-40 P7 5 25-30 P7 3 25-28 
P8 15 70-85 P8 15 65-80 P8 20 60-80 
P9 20 70-90 P9 20 80-100 P9 25 80-105 
P10 20 30-50 P10 30 40-70 P10 35 40-75 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.70-4.10 P1 0.10 3.60-4.00 P1 0.10 3.45-3.85 
P2 0.15 3.80-4.40 P2 0.10 3.85-4.45 P2 0.10 3.55-4.15 
P3 0.20 4.05-4.65 P3 0.10 4.10-4.70 P3 0.10 4.00-4.70 
P4 0.15 4.10-4.70 P4 0.10 4.10-4.70 P4 0.25 3.95-4.70 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.25 4.00-4.75 
 
F06(32.0;82.0) F07(32.0;84.0) F08(32.0;86.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.13 5.63 2.46 8 3.11 5.60 2.44 8 3.00 5.19 2.33 
8 3.41 6.14 2.73 8 3.20 5.76 2.52 8 3.05 5.28 2.37 
8 3.34 6.01 2.66 8 3.12 5.62 2.45 8 3.07 5.31 2.40 
8 3.14 5.65 2.69 8 3.13 5.63 2.68 8 3.22 5.57 2.77 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 3 15-18 
P7 5 25-30 P7 5 25-30 P7 3 25-28 
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P8 20 50-70 P8 20 40-80 P8 15 35-65 
P9 30 80-110 P9 30 80-110 P9 25 80-105 
P10 30 55-85 P10 30 45-75 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 
P2 0.10 3.55-4.15 P2 0.10 3.55-4.15 P2 0.10 3.55-4.15 
P3 0.15 4.15-4.75 P3 0.05 4.05-4.85 P3 0.15 4.10-4.70 
P4 0.20 4.05-4.65 P4 0.05 4.00-4.60 P4 0.15 4.05-4.65 
P5 0.20 4.15-4.75 P5 0.10 4.15-4.75 P5 0.10 4.15-4.75 
 
F09(32.0;88.0) F10(32.0;90.0) F11(32.0;92.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.88 5.18 2.22 8 2.95 5.31 2.28 8 3.07 5.53 2.40 
8 3.07 5.53 2.40 8 3.17 5.71 2.49 8 3.12 5.62 2.35 
8 3.24 5.83 2.57 8 3.15 5.67 2.47 8 3.02 5.44 2.30 
8 3.32 5.98 2.83 8 3.20 5.76 2.75 8 3.22 5.80 3.66 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 5 13-18 
P7 3 25-28 P7 5 25-30 P7 10 20-30 
P8 25 50-75 P8 20 50-70 P8 20 60-80 
P9 25 80-105 P9 30 80-110 P9 25 80-105 
P10 30 55-85 P10 30 55-85 P10 30 45-75 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 
P2 0.10 3.55-4.15 P2 0.10 3.55-4.15 P2 0.10 3.50-4.20 
P3 0.15 4.10-4.85 P3 0.15 4.05-4.80 P3 0.15 4.15-4.75 
P4 0.15 4.10-4.55 P4 0.20 4.05-4.65 P4 0.10 4.15-4.75 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
F12(32.0;94.0) F13(32.0;96.0) F14(32.0;98.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.15 5.67 2.48 8 3.15 5.67 2.57 8 3.16 5.69 2.48 
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8 3.26 5.87 2.58 8 3.21 5.78 2.53 8 3.27 5.89 2.59 
8 3.11 5.60 2.44 8 3.08 5.54 2.41 8 3.16 5.69 2.58 
8 3.19 5.74 2.74 8 3.20 5.76 2.75 8 3.30 5.94 2.82 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 5 13-18 P6 3 18-21 
P7 5 25-30 P7 10 20-30 P7 5 20-25 
P8 15 60-75 P8 20 55-75 P8 15 50-80 
P9 25 85-110 P9 25 80-105 P9 35 70-105 
P10 30 45-75 P10 30 50-80 P10 35 40-75 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.40-3.80 P1 0.10 3.45-3.85 P1 0.05 3.40-3.85 
P2 0.15 3.50-4.25 P2 0.10 3.50-4.20 P2 0.05 3.50-4.25 
P3 0.20 4.05-4.85 P3 0.10 4.05-4.75 P3 0.05 4.05-4.85 
P4 0.10 4.05-4.75 P4 0.10 4.15-4.75 P4 0.10 4.15-4.75 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.15 4.15-4.75 
 
F15(32.0;100.0) F16(32.0;102.0) F17(32.0;104.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.13 5.63 2.46 8 2.95 5.31 2.29 8 2.91 5.24 2.25 
8 3.30 5.94 2.62 8 3.06 5.51 2.39 8 2.97 5.35 2.30 
8 3.33 5.99 2.65 8 3.31 5.96 2.63 8 3.22 5.80 2.54 
8 3.27 5.89 2.80 8 3.40 6.12 2.87 8 3.41 6.14 2.88 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 10-13 P6 3 22-28 P6 5 20-30 
P7 10 20-30 P7 5 30-35 P7 10 20-30 
P8 20 70-90 P8 25 45-70 P8 20 60-80 
P9 30 70-100 P9 25 60-85 P9 40 65-105 
P10 30 40-70 P10 30 45-75 P10 30 20-50 
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Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.40-3.80 P1 0.10 3.60-3.90 P1 0.15 3.65-4.25 
P2 0.20 3.50-4.10 P2 0.15 3.80-4.40 P2 0.20 3.85-4.45 
P3 0.20 4.05-4.85 P3 0.15 4.05-4.65 P3 0.15 4.00-4.75 
P4 0.15 4.15-4.75 P4 0.20 4.05-4.65 P4 0.20 4.15-4.75 
P5 0.30 4.15-4.75 P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 
 
F18(32.0;106.0) F19(32.0;108.0) G01(34.0;72.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.74 4.74 2.08 8 2.94 5.09 2.08 8 3.05 5.49 2.38 
8 2.94 5.09 2.27 8 3.14 5.43 2.27 8 2.95 5.31 2.28 
8 3.29 5.69 2.61 8 3.39 5.86 2.61 8 3.36 6.05 2.67 
8 3.39 5.86 2.87 8 3.59 6.21 2.87 8 3.51 6.32 2.93 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 9-18 P6 3 13-16 P6 3 15-18 
P7 5 15-40 P7 5 30-35 P7 10 30-40 
P8 30 50-80 P8 30 70-100 P8 15 80-95 
P9 30 65-95 P9 30 40-70 P9 20 75-95 
P10 40 70-110 P10 30 50-80 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.50-4.30 P1 0.20 3.70-4.30 P1 0.10 3.60-4.00 
P2 0.05 3.70-4.45 P2 0.20 3.85-4.45 P2 0.20 3.70-4.50 
P3 0.10 4.10-4.60 P3 0.15 4.05-4.80 P3 0.20 4.05-4.85 
P4 0.10 4.05-4.65 P4 0.25 4.00-4.75 P4 0.20 3.95-4.75 
P5 0.35 4.05-4.75 P5 0.35 4.05-4.75 P5 0.25 4.00-4.75 
 
G02(34.0;74.0) G03(34.0;76.0) G04(34.0;78.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.97 5.35 2.30 8 2.95 5.31 2.30 8 3.20 5.76 2.52 
8 3.15 5.67 2.48 8 3.15 5.67 2.45 8 3.29 5.92 2.61 
8 3.56 6.41 2.83 8 3.42 6.16 2.74 8 3.32 5.98 2.64 
8 3.63 6.53 3.00 8 3.53 6.35 2.94 8 3.22 5.80 2.77 
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P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 17-20 P6 3 17-20 P6 3 15-18 
P7 10 30-40 P7 10 30-40 P7 5 25-30 
P8 20 65-85 P8 20 65-85 P8 20 50-70 
P9 20 75-95 P9 20 75-95 P9 30 80-110 
P10 30 40-70 P10 30 40-70 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.65-4.05 P1 0.10 3.65-4.05 P1 0.05 3.40-3.85 
P2 0.10 3.70-4.40 P2 0.10 3.75-4.45 P2 0.05 3.60-4.15 
P3 0.05 4.05-4.85 P3 0.05 4.05-4.85 P3 0.10 4.10-4.80 
P4 0.15 4.05-4.65 P4 0.10 4.05-4.75 P4 0.15 4.10-4.70 
P5 0.25 4.00-4.75 P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 
 
G05(34.0;80.0) G06(34.0;82.0) G07(34.0;84.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.86 5.15 2.19 8 3.06 5.51 2.29 8 2.95 5.31 2.28 
8 3.13 5.63 2.51 8 3.13 5.63 2.45 8 3.24 5.83 2.56 
8 3.23 5.81 2.56 8 3.04 5.47 2.37 8 3.20 5.76 2.52 
8 3.19 5.74 2.75 8 3.15 5.67 2.60 8 3.08 5.54 2.63 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 3 15-18 
P7 5 25-30 P7 5 25-30 P7 5 25-30 
P8 20 40-80 P8 20 50-70 P8 20 50-70 
P9 30 70-100 P9 30 80-110 P9 30 80-110 
P10 30 55-85 P10 30 55-85 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.40-3.85 P1 0.05 3.40-3.85 P1 0.10 3.45-3.85 
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P2 0.05 3.50-4.15 P2 0.05 3.50-4.25 P2 0.10 3.55-4.15 
P3 0.10 4.05-4.75 P3 0.10 4.10-4.80 P3 0.15 4.10-4.85 
P4 0.15 4.05-4.65 P4 0.15 4.05-4.65 P4 0.20 4.05-4.45 
P5 0.15 4.15-4.75 P5 0.15 4.15-4.75 P5 0.20 4.15-4.75 
 
G08(34.0;86.0) G09(34.0;88.0) G10(34.0;90.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.98 5.36 2.31 8 2.76 4.97 2.10 8 2.96 5.33 2.29 
8 3.04 5.47 2.37 8 3.06 5.51 2.39 8 3.07 5.53 2.40 
8 3.34 6.01 2.66 8 3.15 5.67 2.57 8 3.17 5.71 2.50 
8 3.39 6.10 2.87 8 3.30 5.94 2.82 8 3.18 5.72 2.74 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 3 15-18 
P7 3 25-28 P7 3 25-28 P7 5 25-30 
P8 25 50-75 P8 25 50-75 P8 25 50-75 
P9 25 65-115 P9 25 75-125 P9 30 90-120 
P10 30 45-75 P10 30 45-75 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.05 3.40-3.85 
P2 0.10 3.55-4.25 P2 0.10 3.55-4.15 P2 0.10 3.55-4.15 
P3 0.15 4.10-4.85 P3 0.15 4.10-4.85 P3 0.10 4.05-4.85 
P4 0.20 4.00-4.60 P4 0.15 4.00-4.75 P4 0.10 4.00-4.70 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.15 4.00-4.75 
 
G11(34.0;92.0) G12(34.0;94.0) G13(34.0;96.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.01 5.42 2.34 8 3.18 5.72 2.50 8 3.18 5.72 2.51 
8 3.06 5.51 2.39 8 3.22 5.80 2.54 8 3.21 5.78 2.53 
8 3.26 5.87 2.58 8 3.18 5.72 2.51 8 3.14 5.65 2.47 
8 3.33 5.99 2.84 8 3.22 5.80 2.77 8 3.20 5.76 2.76 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
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P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 5 13-18 P6 5 13-18 
P7 5 20-25 P7 10 20-30 P7 5 20-25 
P8 10 60-80 P8 20 55-75 P8 20 60-80 
P9 35 70-105 P9 25 80-105 P9 25 80-105 
P10 35 40-75 P10 30 50-80 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.20 3.45-3.85 
P2 0.10 3.55-4.25 P2 0.05 3.50-4.25 P2 0.20 3.55-4.15 
P3 0.05 4.05-4.85 P3 0.05 4.05-4.85 P3 0.15 4.05-4.80 
P4 0.10 4.15-4.75 P4 0.05 4.10-4.75 P4 0.10 4.15-4.75 
P5 0.15 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
G14(34.0;98.0) G15(34.0;100.0) G16(34.0;102.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.06 5.51 2.44 8 3.04 5.47 2.36 8 3.07 5.53 2.40 
8 3.24 5.83 2.61 8 3.17 5.71 2.50 8 3.18 5.72 2.50 
8 3.14 5.65 2.56 8 3.27 5.89 2.59 8 3.32 5.98 2.64 
8 3.20 5.76 2.75 8 3.30 5.94 2.82 8 3.37 6.07 2.86 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 12-15 P6 5 25-30 
P7 5 20-25 P7 5 20-25 P7 10 30-40 
P8 20 50-90 P8 20 50-90 P8 20 55-75 
P9 35 70-105 P9 35 70-105 P9 15 60-90 
P10 35 40-75 P10 35 40-75 P10 25 45-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.05 3.40-3.85 P1 0.10 3.45-3.85 P1 0.20 3.60-3.80 
P2 0.05 3.50-4.25 P2 0.20 3.65-4.05 P2 0.20 3.60-4.40 
P3 0.10 4.05-4.85 P3 0.20 4.05-4.85 P3 0.20 4.05-4.85 
P4 0.05 4.10-4.75 P4 0.15 4.05-4.65 P4 0.20 4.00-4.60 
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P5 0.05 4.10-4.75 P5 0.30 4.15-4.75 P5 0.25 4.25-4.75 
 
G17(34.0;104.0) G18(34.0;106.0) G19(34.0;108.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.37 5.83 2.69 8 3.14 5.43 2.47 8 3.26 5.64 2.59 
8 3.45 5.97 2.76 8 3.24 5.61 2.56 8 3.41 5.90 2.72 
8 3.46 5.99 2.77 8 3.29 5.69 2.61 8 3.50 6.06 2.80 
8 3.36 5.81 2.85 8 3.32 5.74 2.83 8 3.58 6.19 2.97 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 10-13 P6 3 12-15 
P7 10 40-50 P7 10 45-55 P7 10 35-45 
P8 20 65-85 P8 20 70-90 P8 20 70-90 
P9 15 65-80 P9 15 65-80 P9 15 65-80 
P10 25 45-70 P10 25 35-60 P10 25 35-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.60-3.80 P1 0.20 3.50-3.90 P1 0.20 3.50-3.90 
P2 0.20 3.60-4.40 P2 0.20 3.70-4.30 P2 0.20 3.70-4.30 
P3 0.20 4.15-4.75 P3 0.10 4.05-4.85 P3 0.15 4.05-4.80 
P4 0.15 4.10-4.70 P4 0.15 4.05-4.65 P4 0.10 4.05-4.75 
P5 0.25 4.25-4.75 P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 
 
H01(36.0;72.0) H02(36.0;74.0) H03(36.0;76.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.04 5.47 2.37 8 3.11 5.60 2.43 8 3.01 5.42 2.34 
8 3.03 5.45 2.36 8 3.03 5.45 2.36 8 3.14 5.65 2.37 
8 3.30 5.94 2.62 8 3.16 5.69 2.48 8 2.99 5.38 2.32 
8 3.50 6.30 2.93 8 3.34 6.01 2.84 8 3.10 5.58 2.64 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
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(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-15 P6 3 12-15 P6 3 12-15 
P7 5 20-25 P7 5 20-25 P7 5 20-25 
P8 20 60-100 P8 20 60-100 P8 20 60-100 
P9 25 75-100 P9 25 80-105 P9 25 80-105 
P10 25 45-70 P10 25 45-70 P10 25 45-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.55-3.95 P1 0.15 3.45-3.90 P1 0.05 3.40-3.95 
P2 0.20 3.55-4.35 P2 0.20 3.50-4.30 P2 0.05 3.50-4.15 
P3 0.05 4.00-4.85 P3 0.20 4.10-4.70 P3 0.10 4.10-4.80 
P4 0.05 4.00-4.75 P4 0.20 3.95-4.75 P4 0.15 4.05-4.65 
P5 0.25 4.00-4.75 P5 0.25 4.00-4.75 P5 0.20 4.15-4.75 
 
H04(36.0;78.0) H05(36.0;80.0) H06(36.0;82.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.86 5.15 2.19 8 2.89 5.20 2.23 8 3.02 5.44 2.35 
8 3.01 5.42 2.34 8 3.15 5.67 2.47 8 3.06 5.51 2.25 
8 3.14 5.65 2.57 8 3.22 5.80 2.54 8 3.13 5.63 2.45 
8 3.30 5.94 2.82 8 3.32 5.98 2.83 8 3.37 6.07 2.86 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-15 P6 3 15-18 P6 3 15-18 
P7 5 20-30 P7 5 25-30 P7 5 25-30 
P8 20 70-90 P8 20 50-70 P8 20 50-70 
P9 30 80-110 P9 30 80-110 P9 30 85-115 
P10 25 45-70 P10 30 55-85 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.60-3.90 P1 0.10 3.30-3.70 P1 0.05 3.40-3.85 
P2 0.10 3.75-4.15 P2 0.10 3.50-4.00 P2 0.10 3.55-4.25 
P3 0.15 4.10-4.85 P3 0.15 4.05-4.80 P3 0.15 4.00-4.75 
P4 0.15 4.15-4.60 P4 0.20 4.00-4.60 P4 0.20 4.15-4.75 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
H07(36.0;84.0) H08(36.0;86.0) H09(36.0;88.0) 
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H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.06 5.51 2.29 8 2.88 5.18 2.22 8 2.94 5.29 2.27 
8 2.95 5.31 2.26 8 3.16 5.69 2.48 8 3.04 5.47 2.47 
8 3.00 5.40 2.33 8 3.25 5.85 2.57 8 3.14 5.65 2.57 
8 3.36 6.05 2.80 8 3.29 5.92 2.81 8 3.21 5.78 2.77 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 3 15-18 
P7 5 25-30 P7 5 25-30 P7 3 25-28 
P8 20 50-70 P8 20 50-70 P8 25 50-75 
P9 30 80-110 P9 30 80-110 P9 25 65-115 
P10 30 55-85 P10 30 55-85 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.85 P1 0.10 3.45-3.85 P1 0.05 3.40-3.85 
P2 0.10 3.55-4.15 P2 0.10 3.55-4.15 P2 0.10 3.65-4.15 
P3 0.15 4.15-4.75 P3 0.15 4.05-4.80 P3 0.15 4.05-4.80 
P4 0.20 4.05-4.65 P4 0.20 4.05-4.65 P4 0.20 4.05-4.65 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
H10(36.0;90.0) H11(36.0;92.0) H12(36.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.87 5.17 2.20 8 2.99 5.38 2.32 8 3.13 5.63 2.45 
8 3.04 5.47 2.36 8 3.11 5.60 2.43 8 3.08 5.54 2.41 
8 3.25 5.85 2.72 8 3.28 5.90 2.60 8 3.28 5.90 2.61 
8 3.41 6.14 2.88 8 3.38 6.08 2.86 8 3.33 5.99 2.84 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 28-31 P6 3 28-31 P6 5 27-32 
P7 5 30-35 P7 10 30-40 P7 10 30-40 
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P8 15 50-65 P8 15 50-65 P8 15 60-75 
P9 20 75-95 P9 20 75-95 P9 20 75-95 
P10 35 45-80 P10 35 35-70 P10 35 35-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.65-3.95 P1 0.15 3.65-3.95 P1 0.15 3.65-3.95 
P2 0.10 3.70-4.40 P2 0.10 3.70-4.40 P2 0.10 3.80-4.40 
P3 0.15 4.00-4.75 P3 0.15 4.00-4.75 P3 0.20 4.15-4.75 
P4 0.15 4.00-4.75 P4 0.15 4.00-4.75 P4 0.20 4.00-4.60 
P5 0.25 4.00-4.75 P5 0.25 4.00-4.75 P5 0.30 4.15-4.75 
 
H13(36.0;96.0) H14(36.0;98.0) H15(36.0;100.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.14 5.65 2.43 8 3.16 5.62 2.49 8 3.00 5.34 2.33 
8 3.15 5.67 2.48 8 3.11 5.54 2.44 8 3.18 5.66 2.50 
8 3.30 5.94 2.63 8 3.37 6.00 2.68 8 3.25 5.78 2.57 
8 3.29 5.92 2.81 8 3.40 6.05 2.87 8 3.20 5.70 2.76 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.78 3.05 P6 P1 P1X1.78 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.78 3.10 P7 P2 P2X1.78 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.78 3.20 P8 P3 P3X1.78 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.78 3.30 P9 P4 P4X1.78 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.78 3.40 P10 P5 P5X1.78 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 25-28 P6 3 23-26 P6 3 20-23 
P7 10 30-40 P7 5 30-35 P7 5 30-35 
P8 15 75-90 P8 15 70-85 P8 15 70-85 
P9 20 70-90 P9 20 75-95 P9 20 75-95 
P10 30 30-60 P10 35 25-60 P10 35 25-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.55-4.00 P1 0.20 3.55-3.95 P1 0.20 3.55-3.95 
P2 0.10 3.70-4.40 P2 0.20 3.70-4.30 P2 0.20 3.70-4.30 
P3 0.10 4.05-4.85 P3 0.15 4.05-4.80 P3 0.15 4.10-4.85 
P4 0.05 4.05-4.75 P4 0.20 4.05-4.65 P4 0.20 4.05-4.65 
P5 0.10 4.05-4.75 P5 0.25 4.00-4.75 P5 0.40 3.95-4.75 
 
H16(36.0;102.0) H17(36.0;104.0) I01(38.0;72.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.15 5.61 2.47 8 3.02 5.38 2.35 8 3.02 5.44 2.35 
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8 3.28 5.84 2.60 8 3.20 5.70 2.53 8 3.09 5.56 2.41 
8 3.24 5.77 2.56 8 3.27 5.82 2.59 8 3.26 5.87 2.58 
8 3.20 5.70 2.76 8 3.23 5.75 2.78 8 3.39 6.10 2.87 
P6 P1 P1X1.78 3.05 P6 P1 P1X1.78 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.78 3.10 P7 P2 P2X1.78 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.78 3.20 P8 P3 P3X1.78 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.78 3.30 P9 P4 P4X1.78 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.78 3.40 P10 P5 P5X1.78 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 17-20 P6 3 12-15 
P7 5 30-35 P7 10 35-45 P7 5 20-25 
P8 15 70-85 P8 15 70-85 P8 20 70-90 
P9 20 75-95 P9 20 75-95 P9 30 60-90 
P10 35 35-70 P10 35 30-65 P10 30 55-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.55-3.95 P1 0.20 3.55-3.95 P1 0.10 3.40-3.80 
P2 0.20 3.70-4.30 P2 0.20 3.70-4.30 P2 0.10 3.55-4.45 
P3 0.15 4.10-4.85 P3 0.15 4.10-4.85 P3 0.10 4.05-4.85 
P4 0.15 4.10-4.70 P4 0.20 4.10-4.70 P4 0.10 4.05-4.75 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
I02(38.0;74.0) I03(38.0;76.0) I04(38.0;78.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.11 5.60 2.44 8 2.97 5.14 2.30 8 3.17 5.48 2.49 
8 3.26 5.87 2.58 8 2.99 5.17 2.32 8 3.16 5.47 2.49 
8 3.25 5.85 2.57 8 3.19 5.52 2.52 8 3.24 5.61 2.56 
8 3.25 5.85 2.80 8 3.32 5.74 2.83 8 3.31 5.73 2.82 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 12-15 P6 3 23-26 P6 3 20-23 
P7 5 20-25 P7 10 30-40 P7 10 30-40 
P8 20 60-100 P8 20 75-95 P8 20 60-80 
P9 25 75-100 P9 35 45-80 P9 35 50-85 
P10 25 45-70 P10 35 25-60 P10 25 55-80 
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Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.95 P1 0.10 3.55-3.95 P1 0.15 3.60-3.90 
P2 0.10 3.55-4.45 P2 0.20 3.60-4.40 P2 0.20 3.70-4.50 
P3 0.05 4.05-4.85 P3 0.15 4.00-4.75 P3 0.15 4.00-4.75 
P4 0.05 4.10-4.75 P4 0.20 4.00-4.60 P4 0.20 4.00-4.60 
P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 P5 0.25 4.00-4.75 
 
I05(38.0;80.0) I06(38.0;82.0) I07(38.0;84.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.94 5.09 2.28 8 2.92 5.26 2.26 8 2.92 5.05 2.25 
8 2.99 5.17 2.32 8 2.95 5.31 2.28 8 3.08 5.33 2.41 
8 3.28 5.67 2.60 8 3.20 5.76 2.58 8 3.38 5.85 2.70 
8 3.43 5.93 2.89 8 3.35 6.03 2.85 8 3.45 5.97 2.90 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 17-20 P6 3 15-21 P6 5 15-20 
P7 10 30-40 P7 10 35-45 P7 10 30-40 
P8 20 65-85 P8 20 70-90 P8 20 70-90 
P9 35 55-90 P9 35 50-85 P9 35 65-100 
P10 35 35-70 P10 35 35-70 P10 25 30-55 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-3.90 P1 0.10 3.55-3.85 P1 0.10 3.55-3.85 
P2 0.15 3.65-4.55 P2 0.10 3.60-4.50 P2 0.15 3.65-4.55 
P3 0.15 4.00-4.75 P3 0.10 4.00-4.70 P3 0.15 4.10-4.70 
P4 0.20 4.10-4.70 P4 0.25 4.20-4.70 P4 0.25 4.15-4.65 
P5 0.25 4.25-4.75 P5 0.25 4.25-4.75 P5 0.30 4.15-4.75 
 
I08(38.0;86.0) I09(38.0;88.0) I10(38.0;90.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.02 5.22 2.35 8 2.96 5.12 2.29 8 3.01 5.42 2.34 
8 3.05 5.28 2.38 8 3.11 5.38 2.43 8 3.21 5.78 2.54 
8 3.23 5.59 2.55 8 3.41 5.90 2.73 8 3.26 5.87 2.58 
8 3.33 5.76 2.84 8 3.45 5.97 2.90 8 3.22 5.80 2.78 
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P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 23-26 P6 4 20-24 
P7 10 25-35 P7 10 30-40 P7 5 25-30 
P8 20 60-80 P8 20 55-75 P8 15 60-75 
P9 25 60-85 P9 35 55-90 P9 25 80-105 
P10 30 45-75 P10 35 25-60 P10 30 40-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-3.80 P1 0.10 3.55-3.95 P1 0.10 3.55-3.85 
P2 0.15 3.70-4.45 P2 0.10 3.60-4.50 P2 0.20 3.75-4.35 
P3 0.10 4.10-4.70 P3 0.05 4.05-4.75 P3 0.15 4.10-4.85 
P4 0.15 4.05-4.65 P4 0.10 4.10-4.60 P4 0.10 4.00-4.60 
P5 0.20 4.15-4.75 P5 0.15 4.15-4.75 P5 0.35 4.05-4.75 
 
I11(38.0;92.0) I12(38.0;94.0) I13(38.0;96.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.24 5.83 2.56 8 3.23 5.81 2.55 8 3.17 5.71 2.49 
8 3.23 5.81 2.55 8 3.26 5.87 2.59 8 3.27 5.89 2.59 
8 3.25 5.85 2.58 8 3.27 5.89 2.59 8 3.29 5.92 2.61 
8 3.21 5.78 2.76 8 3.33 5.99 2.84 8 3.32 5.98 2.83 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 4 20-24 P6 3 20-23 P6 3 20-23 
P7 5 25-30 P7 5 25-30 P7 5 25-30 
P8 20 60-80 P8 25 60-85 P8 15 70-85 
P9 20 80-100 P9 20 80-100 P9 20 80-100 
P10 25 40-65 P10 30 50-80 P10 30 50-80 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.65-3.85 P1 0.10 3.55-3.85 P1 0.10 3.50-3.80 
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P2 0.20 3.75-4.15 P2 0.10 3.65-4.25 P2 0.15 3.70-4.15 
P3 0.15 4.10-4.85 P3 0.15 4.10-4.85 P3 0.15 4.10-4.85 
P4 0.15 4.10-4.70 P4 0.15 4.10-4.70 P4 0.20 4.05-4.65 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
I14(38.0;98.0) I15(38.0;100.0) I16(38.0;102.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.18 5.66 2.50 8 3.40 5.88 2.71 8 3.31 5.73 2.63 
8 3.27 5.82 2.59 8 3.43 5.93 2.74 8 3.40 5.88 2.72 
8 3.26 5.80 2.58 8 3.34 5.78 2.66 8 3.38 5.85 2.70 
8 3.30 5.87 2.82 8 3.39 5.86 3.87 8 3.41 5.90 2.88 
P6 P1 P1X1.78 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.78 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.78 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.78 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.78 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 22-25 P6 3 20-23 
P7 5 25-30 P7 10 20-30 P7 10 25-35 
P8 20 60-80 P8 20 60-80 P8 20 65-85 
P9 20 80-100 P9 20 65-85 P9 20 65-85 
P10 30 50-80 P10 35 50-85 P10 25 55-80 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-3.85 P1 0.10 3.45-3.95 P1 0.20 3.45-3.85 
P2 0.10 3.65-4.25 P2 0.15 3.60-4.50 P2 0.20 3.60-4.40 
P3 0.15 4.10-4.85 P3 0.15 4.00-4.75 P3 0.20 4.05-4.65 
P4 0.20 4.10-4.70 P4 0.15 4.05-4.65 P4 0.15 4.05-4.65 
P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 P5 0.25 4.00-4.75 
 
I17(38.0;104.0) J02(40.0;74.0) J03(40.0;76.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.14 5.43 2.47 8 3.22 5.57 2.54 8 3.05 5.28 2.38 
8 3.08 5.33 2.41 8 3.31 5.73 2.63 8 3.19 5.52 2.52 
8 3.37 5.83 2.69 8 3.31 5.73 2.63 8 3.30 5.71 2.62 
8 3.58 6.19 2.97 8 3.39 5.86 2.87 8 3.33 5.76 2.83 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
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P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 18-21 P6 3 23-26 P6 3 20-23 
P7 10 25-35 P7 10 30-40 P7 10 30-40 
P8 25 65-90 P8 20 75-95 P8 20 75-95 
P9 20 65-85 P9 35 45-80 P9 25 55-80 
P10 25 50-75 P10 35 25-60 P10 30 30-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.45-3.95 P1 0.20 3.45-3.85 P1 0.15 3.55-3.85 
P2 0.20 3.60-4.40 P2 0.20 3.75-4.55 P2 0.20 3.60-4.40 
P3 0.15 4.10-4.70 P3 0.05 4.00-4.85 P3 0.05 4.05-4.85 
P4 0.10 4.15-4.75 P4 0.15 4.00-4.75 P4 0.15 4.10-4.70 
P5 0.30 4.15-4.75 P5 0.25 4.00-4.75 P5 0.30 4.15-4.75 
 
J04(40.0;78.0) J05(40.0;80.0) J06(40.0;82.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.00 5.19 2.33 8 3.07 5.31 2.39 8 2.89 5.00 2.22 
8 3.18 5.50 2.51 8 3.17 5.48 2.50 8 3.14 5.43 2.47 
8 3.26 5.64 2.58 8 3.30 5.71 2.62 8 3.38 5.85 2.70 
8 3.31 5.73 2.83 8 3.35 5.80 2.85 8 3.43 5.93 2.89 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 18-21 P6 3 18-21 P6 3 17-20 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 20 75-95 P8 20 70-90 P8 20 70-90 
P9 35 45-80 P9 25 65-90 P9 30 60-90 
P10 35 25-60 P10 30 30-60 P10 35 25-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-3.90 P1 0.15 3.55-3.85 P1 0.10 3.50-3.90 
P2 0.15 3.60-4.50 P2 0.30 3.60-4.50 P2 0.15 3.60-4.50 
P3 0.05 4.00-4.85 P3 0.15 4.05-4.65 P3 0.15 4.05-4.65 
P4 0.20 4.05-4.65 P4 0.20 4.10-4.70 P4 0.30 4.15-4.75 
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P5 0.25 4.00-4.75 P5 0.25 4.00-4.75 P5 0.20 4.15-4.75 
 
J07(40.0;84.0) J08(40.0;86.0) J09(40.0;88.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 2.99 5.17 2.32 8 2.98 5.36 2.31 8 3.15 5.67 2.48 
8 3.04 5.26 2.37 8 3.11 5.60 2.44 8 3.26 5.87 2.59 
8 3.41 5.90 2.73 8 3.43 6.17 2.74 8 3.29 5.92 2.62 
8 3.54 6.12 2.95 8 3.54 6.37 2.95 8 3.33 5.99 2.83 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 15-18 P6 3 15-18 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 20 70-90 P8 30 65-95 P8 30 60-90 
P9 15 65-80 P9 30 50-80 P9 30 50-80 
P10 25 35-60 P10 35 30-65 P10 35 30-65 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-3.90 P1 0.20 3.65-4.05 P1 0.20 3.45-3.85 
P2 0.15 3.60-4.50 P2 0.25 3.65-4.40 P2 0.25 3.65-4.40 
P3 0.15 4.00-4.75 P3 0.20 4.10-4.70 P3 0.15 4.10-4.85 
P4 0.25 3.95-4.70 P4 0.20 4.05-4.65 P4 0.25 4.15-4.65 
P5 0.20 3.95-4.75 P5 0.25 4.00-4.75 P5 0.25 4.25-4.75 
 
J10(40.0;90.0) J11(40.0;92.0) J12(40.0;94.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.14 5.43 2.47 8 3.32 5.74 2.64 8 3.33 5.76 2.65 
8 3.16 5.47 2.48 8 3.45 5.97 2.77 8 3.48 6.02 2.79 
8 3.25 5.62 2.57 8 3.41 5.90 2.72 8 3.41 5.90 2.73 
8 3.32 5.74 2.83 8 3.35 5.80 2.85 8 3.40 5.88 2.88 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
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(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 20-23 P6 3 20-23 
P7 10 30-40 P7 10 30-40 P7 10 30-40 
P8 25 60-85 P8 20 65-85 P8 20 70-90 
P9 25 60-85 P9 30 60-90 P9 35 55-90 
P10 30 20-50 P10 30 30-60 P10 30 35-65 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-3.95 P1 0.10 3.55-3.85 P1 0.15 3.55-3.85 
P2 0.15 3.70-4.45 P2 0.20 3.70-4.50 P2 0.20 3.75-4.55 
P3 0.05 4.05-4.75 P3 0.10 4.05-4.75 P3 0.15 4.05-4.65 
P4 0.15 4.15-4.75 P4 0.10 4.05-4.75 P4 0.15 4.05-4.65 
P5 0.25 4.25-4.75 P5 0.20 4.15-4.75 P5 0.25 4.00-4.75 
 
J13(40.0;96.0) J14(40.0;98.0) J15(40.0;100.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.39 5.86 2.71 8 3.21 5.55 2.54 8 3.12 5.40 2.45 
8 3.48 6.02 2.79 8 3.30 5.71 2.62 8 3.15 5.45 2.47 
8 3.52 6.09 2.81 8 3.44 5.95 2.76 8 3.44 5.95 2.76 
8 3.50 6.06 2.93 8 3.48 6.02 2.92 8 3.55 6.14 2.95 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 21-24 P6 3 18-21 P6 3 16-19 
P7 10 25-35 P7 10 25-35 P7 10 25-35 
P8 20 70-90 P8 20 70-90 P8 20 75-95 
P9 20 70-90 P9 30 50-80 P9 20 60-80 
P10 25 50-75 P10 25 45-70 P10 35 50-85 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.40-3.80 P1 0.20 3.45-3.85 P1 0.20 3.45-3.85 
P2 0.25 3.60-4.35 P2 0.25 3.60-4.35 P2 0.30 3.70-4.30 
P3 0.20 4.05-4.65 P3 0.10 4.05-4.75 P3 0.20 4.10-4.70 
P4 0.20 4.15-4.75 P4 0.10 4.15-4.75 P4 0.30 4.10-4.70 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
J16(40.0;102.0) K02(42.0;74.0) K03(42.0;76.0) 
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H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.16 5.47 2.49 8 3.03 5.45 2.36 8 3.08 5.54 2.40 
8 3.26 5.64 2.58 8 3.19 5.74 2.52 8 3.20 5.76 2.53 
8 3.56 6.16 2.83 8 3.34 6.01 2.66 8 3.44 6.19 2.76 
8 3.46 5.99 2.91 8 3.39 6.10 2.87 8 3.47 6.25 2.91 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 14-17 P6 3 20-23 P6 3 20-23 
P7 10 25-35 P7 5 20-25 P7 10 20-30 
P8 20 70-90 P8 20 70-90 P8 20 70-90 
P9 20 60-80 P9 25 60-85 P9 15 80-95 
P10 25 45-70 P10 35 50-85 P10 25 40-65 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.45-3.85 P1 0.20 3.60-4.00 P1 0.20 3.60-4.00 
P2 0.25 3.60-4.35 P2 0.20 3.65-4.45 P2 0.20 3.65-4.45 
P3 0.20 4.05-4.65 P3 0.10 4.05-4.85 P3 0.15 4.10-4.70 
P4 0.30 4.10-4.70 P4 0.10 4.05-4.75 P4 0.10 4.05-4.75 
P5 0.30 4.15-4.75 P5 0.20 4.15-4.75 P5 0.35 4.05-4.75 
 
K04(42.0;78.0) K05(42.0;80.0) K06(42.0;82.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.26 5.87 2.58 8 3.11 5.38 2.44 8 3.06 5.51 2.39 
8 3.30 5.94 2.62 8 3.26 5.64 2.58 8 3.20 5.76 2.52 
8 3.37 6.07 2.69 8 3.40 5.88 2.72 8 3.30 5.94 2.62 
8 3.41 6.14 2.88 8 3.45 5.97 2.90 8 3.42 6.16 2.88 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 22-25 P6 3 19-22 
P7 5 25-30 P7 5 25-30 P7 5 20-25 
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P8 25 65-90 P8 20 70-90 P8 25 60-85 
P9 20 60-80 P9 15 75-90 P9 40 40-80 
P10 35 30-65 P10 25 45-70 P10 40 30-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.45-3.85 P1 0.20 3.60-4.00 P1 0.05 3.50-4.00 
P2 0.15 3.60-4.50 P2 0.20 3.65-4.45 P2 0.10 3.65-4.55 
P3 0.10 4.05-4.75 P3 0.10 4.05-4.75 P3 0.10 4.00-4.80 
P4 0.20 4.05-4.65 P4 0.10 4.05-4.75 P4 0.05 4.05-4.75 
P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 P5 0.10 4.05-4.75 
 
K07(42.0;84.0) K08(42.0;86.0) K09(42.0;88.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.08 5.33 2.41 8 2.96 5.33 2.29 8 3.17 5.71 2.49 
8 3.32 5.74 2.64 8 3.03 5.45 2.36 8 3.21 5.78 2.54 
8 3.58 6.19 2.84 8 3.37 6.07 2.69 8 3.23 5.81 2.55 
8 3.54 6.12 2.95 8 3.43 6.17 2.89 8 3.26 5.87 2.80 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 17-20 P6 3 19-22 P6 3 22-25 
P7 5 20-25 P7 5 20-25 P7 10 20-30 
P8 20 70-90 P8 30 60-90 P8 20 60-80 
P9 20 60-80 P9 25 60-85 P9 30 65-95 
P10 25 60-85 P10 30 50-80 P10 35 25-60 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-3.95 P1 0.05 3.50-4.00 P1 0.10 3.50-4.00 
P2 0.20 3.60-4.40 P2 0.15 3.65-4.55 P2 0.10 3.80-4.50 
P3 0.15 4.10-4.85 P3 0.10 4.05-4.85 P3 0.05 4.05-4.75 
P4 0.25 3.95-4.70 P4 0.20 4.05-4.65 P4 0.10 4.05-4.75 
P5 0.25 4.00-4.75 P5 0.25 4.00-4.75 P5 0.20 4.15-4.75 
 
K10(42.0;90.0) K11(42.0;92.0) K12(42.0;94.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.41 6.14 2.72 8 3.42 6.16 2.74 8 3.25 5.85 2.57 
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8 3.38 6.08 2.70 8 3.43 6.17 2.75 8 3.43 6.17 2.74 
8 3.28 5.90 2.61 8 3.49 6.28 2.79 8 3.56 6.41 2.83 
8 3.36 6.05 2.85 8 3.52 6.34 2.94 8 3.57 6.43 2.97 
P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 22-25 P6 3 20-23 P6 3 17-20 
P7 5 25-30 P7 5 25-30 P7 5 25-30 
P8 15 65-80 P8 15 65-80 P8 20 70-90 
P9 25 60-85 P9 25 60-85 P9 25 60-85 
P10 35 45-80 P10 35 45-80 P10 35 45-80 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.50-4.00 P1 0.10 3.55-3.95 P1 0.20 3.55-3.95 
P2 0.10 3.80-4.50 P2 0.20 3.95-4.55 P2 0.25 3.85-4.35 
P3 0.05 4.05-4.75 P3 0.15 4.15-4.75 P3 0.25 4.20-4.70 
P4 0.05 4.05-4.70 P4 0.15 4.05-4.65 P4 0.25 4.15-4.65 
P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 
 
K13(42.0;96.0) K14(42.0;98.0) K15(42.0;100.0) 
H Vs Vp Ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.07 5.31 2.40 8 3.14 5.43 2.47 8 3.29 5.69 2.61 
8 3.41 5.90 2.73 8 3.34 5.78 2.66 8 3.43 5.93 2.75 
8 3.58 6.19 2.84 8 3.50 6.06 2.80 8 3.62 6.26 2.86 
8 3.50 6.06 2.93 8 3.43 5.93 2.89 8 3.43 5.93 2.89 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 17-20 P6 3 19-22 P6 3 17-23 
P7 5 25-30 P7 10 25-35 P7 10 25-35 
P8 20 70-90 P8 15 70-85 P8 25 70-95 
P9 25 60-85 P9 20 70-90 P9 20 70-90 
P10 25 55-80 P10 25 45-70 P10 25 45-70 
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Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.10 3.55-3.95 P1 0.20 3.45-3.85 P1 0.20 3.45-3.85 
P2 0.10 3.80-4.50 P2 0.30 3.65-4.55 P2 0.30 3.75-4.35 
P3 0.05 4.05-4.75 P3 0.20 4.05-4.65 P3 0.15 4.05-4.65 
P4 0.10 4.05-4.65 P4 0.10 4.15-4.75 P4 0.15 4.10-4.70 
P5 0.15 4.15-4.75 P5 0.20 4.15-4.75 P5 0.20 4.15-4.75 
 
K16(42.0;102.0) L07(44.0;84.0) L08(44.0;86.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.36 5.81 2.68 8 3.18 5.72 2.51 8 3.25 5.85 2.57 
8 3.34 5.78 2.66 8 3.29 5.92 2.61 8 3.26 5.87 2.58 
8 3.50 6.06 2.80 8 3.45 6.21 2.77 8 3.31 5.96 2.63 
8 3.47 6.00 2.91 8 3.47 6.25 2.91 8 3.37 6.07 2.86 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.80 3.05 P6 P1 P1X1.80 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.80 3.10 P7 P2 P2X1.80 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.80 3.20 P8 P3 P3X1.80 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.80 3.30 P9 P4 P4X1.80 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.80 3.40 P10 P5 P5X1.80 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 16-19 P6 3 20-23 P6 3 19-22 
P7 10 25-35 P7 5 20-25 P7 10 20-30 
P8 20 70-90 P8 25 65-90 P8 30 60-90 
P9 20 65-85 P9 25 65-90 P9 30 60-90 
P10 20 50-70 P10 30 40-70 P10 25 55-80 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.40-3.80 P1 0.20 3.45-3.85 P1 0.20 3.60-4.00 
P2 0.20 3.75-4.55 P2 0.15 3.70-4.45 P2 0.25 3.65-4.40 
P3 0.10 4.05-4.75 P3 0.20 4.05-4.85 P3 0.10 4.05-4.85 
P4 0.15 4.15-4.75 P4 0.20 4.15-4.75 P4 0.15 4.05-4.65 
P5 0.20 4.15-4.75 P5 0.25 4.25-4.75 P5 0.20 4.15-4.75 
 
L09(44.0;88.0) L10(44.0;90.0) L11(44.0;92.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.18 5.72 2.40 8 3.09 5.35 2.42 8 3.26 5.64 2.58 
8 3.22 5.80 2.45 8 3.24 5.61 2.57 8 3.37 5.83 2.69 
8 3.29 5.92 2.52 8 3.47 6.00 2.78 8 3.51 6.07 2.80 
8 3.33 5.99 2.78 8 3.51 6.07 2.93 8 3.50 6.06 2.93 
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P6 P1 P1X1.80 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.80 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.80 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.80 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.80 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 19-22 P6 3 17-20 P6 3 20-23 
P7 10 20-30 P7 10 25-35 P7 10 25-35 
P8 30 55-85 P8 20 65-85 P8 20 60-80 
P9 25 60-85 P9 20 70-90 P9 20 70-90 
P10 25 55-80 P10 20 50-70 P10 25 45-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.45-3.85 P1 0.15 3.45-3.90 P1 0.20 3.55-3.95 
P2 0.20 3.65-4.45 P2 0.20 3.60-4.40 P2 0.25 3.60-4.35 
P3 0.10 4.10-4.80 P3 0.15 4.15-4.75 P3 0.25 4.00-4.75 
P4 0.10 4.05-4.75 P4 0.10 4.15-4.75 P4 0.20 4.00-4.60 
P5 0.15 4.15-4.75 P5 0.25 4.25-4.75 P5 0.30 4.15-4.75 
 
L12(44.0;94.0) L13(44.0;96.0) L14(44.0;98.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.37 5.83 2.68 8 3.41 5.90 2.73 8 3.26 5.64 2.73 
8 3.48 6.02 2.79 8 3.52 6.09 2.81 8 3.42 5.92 2.81 
8 3.48 6.02 2.79 8 3.71 6.42 2.90 8 3.51 6.07 2.90 
8 3.49 6.04 2.93 8 3.60 6.23 2.98 8 3.60 6.23 2.98 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 20-23 P6 3 21-24 P6 3 21-24 
P7 10 25-35 P7 10 25-35 P7 10 25-35 
P8 20 75-95 P8 20 75-95 P8 15 70-85 
P9 20 70-90 P9 20 70-90 P9 20 70-90 
P10 25 40-65 P10 25 40-65 P10 25 40-65 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.15 3.45-3.90 P1 0.10 3.40-3.90 P1 0.10 3.45-3.95 
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P2 0.20 3.65-4.45 P2 0.20 3.70-4.50 P2 0.10 3.60-4.50 
P3 0.05 4.05-4.75 P3 0.10 4.10-4.70 P3 0.05 4.05-4.75 
P4 0.10 4.15-4.75 P4 0.10 4.10-4.70 P4 0.10 4.10-4.70 
P5 0.20 4.15-4.75 P5 0.30 4.15-4.75 P5 0.25 4.25-4.75 
 
M09(46.0;88.0) M10(46.0;90.0) M11(46.0;92.0) 
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.26 5.64 2.58 8 3.34 5.78 2.66 8 3.34 5.78 2.66 
8 3.33 5.76 2.65 8 3.41 5.90 2.73 8 3.45 5.97 2.83 
8 3.49 6.04 2.80 8 3.47 6.00 2.78 8 3.48 6.02 2.84 
8 3.49 6.04 2.92 8 3.49 6.04 2.92 8 3.57 6.18 2.88 
P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 P6 P1 P1X1.73 3.05 
P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 P7 P2 P2X1.73 3.10 
P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 P8 P3 P3X1.73 3.20 
P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 P9 P4 P4X1.73 3.30 
P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 P10 P5 P5X1.73 3.40 
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 15-18 P6 3 16-19 P6 3 17-20 
P7 10 25-35 P7 10 25-35 P7 10 25-35 
P8 15 90-105 P8 15 80-95 P8 15 80-95 
P9 20 55-75 P9 20 60-80 P9 20 60-80 
P10 25 45-70 P10 25 45-70 P10 25 45-70 
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.40-3.80 P1 0.20 3.55-3.95 P1 0.05 3.40-3.95 
P2 0.25 3.60-4.60 P2 0.25 3.60-4.60 P2 0.05 3.60-4.55 
P3 0.10 4.10-4.70 P3 0.15 4.05-4.65 P3 0.05 3.95-4.75 
P4 0.10 4.15-4.75 P4 0.15 4.10-4.70 P4 0.10 4.00-4.70 
P5 0.25 4.25-4.75 P5 0.30 4.15-4.75 P5 0.30 4.15-4.75 
 
M12(46.0;94.0)   
H Vs Vp ρ H Vs Vp ρ H Vs Vp ρ 
(km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3) (km) (km/s) (km/s) (g/cm-3)
8 3.24 5.61 2.66         
8 3.36 5.81 2.83         
8 3.49 6.04 2.84         
8 3.52 6.09 2.88         
P6 P1 P1X1.73 3.05         
P7 P2 P2X1.73 3.10         
P8 P3 P3X1.73 3.20         
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P9 P4 P4X1.73 3.30         
P10 P5 P5X1.73 3.40         
H Step Range H Step Range H Step Range 
(km) (km) (km) (km) (km) (km) (km) (km) (km) 
P6 3 17-20       
P7 10 25-35       
P8 15 80-95       
P9 20 60-80       
P10 25 45-70       
Vs Step Range Vs Step Range Vs Step Range 
(km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) (km/s) 
P1 0.20 3.55-3.95       
P2 0.30 3.75-4.35       
P3 0.15 4.10-4.70       
P4 0.10 4.15-4.75       
P5 0.30 4.15-4.75       
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Appendix III 
Table A3.1 The range variability of the parameters h (thickness) and Vs (shear wave velocity) for 
each layer of the chosen solution. The thickness marked by --- is not truly inverted parameter, but 
it satisfies the condition that the total thickness from the free surface to the top of the fixed upper 
mantle is equal to a predefined quantity H. In this study H is 350km. The structure deeper than 
H is fixed according with Ak135 model. 
 
A11(22.0;92.0) A12(22.0;94.0) A13(22.0;96.0) A14(22.0;98.0) A15(22.0;100.0) 
h Vs h Vs h  Vs h  Vs h  Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.84 8 2.84 8 2.83 8 2.78 8 3.02 
8 3.05 8 3.12 8 2.97 8 3.00 8 3.15 
8 3.37 8 3.40 8 3.30 8 3.39 8 3.50 
8 3.52 8 3.61 8 3.50 8 3.53 8 3.61 
7.0-8.5 3.50-3.70 7.0-8.5 3.77-3.92 7.0-8.5 3.53-3.7
8 
10.5-12.
0 
3.70-3.9
0 
13.5-16.
5 
3.85-4.0
5 
30.0-35.
0 
4.33-4.40 35.0-40.
0 
4.25-4.35 35.0-40.
0 
4.33-4.4
0 
40.0-45.
0 
4.38-4.4
5 
32.5-37.
5 
4.30-4.4
0 
75.0-90.
0 
462-4.70． 75.0-90.
0 
465-4.75． 72.5-85.
0 
4.32-4.5
7 
65.0-80.
0 
4.53-4.6
7 
65.0-75.
0 
4.68-4.7
5 
80.0-95.
0 
4.50-4.70 80.0-95.
0 
4.53-4.67 75.0-90.
0 
4.28-4.5
3 
77.5-90.
0 
4.40-4.6
0 
65.0-80.
0 
4.30-4.5
0 
50.0-65.
0 
4.60-4.75 50.0-65.
0 
4.68-4.75 30.0-45.
0 
4.55-4.7
5 
50.0-65.
0 
4.55-4.7
5 
40.0-55.
0 
4.30-4.6
0 
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
A16(22.0;102.0) A17(22.0;104.0) A18(22.0;106.0) B05(24.0;80.0) B06(24.0;82.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.95 8 2.97 8 2.85 8 3.11 8 3.23 
8 3.00 8 3.14 8 2.94 8 3.37 8 3.60 
8 3.45 8 3.30 8 3.40 8 3.58 8 3.83 
8 3.63 8 3.51 8 3.55 8 3.59 10 3.84 
12.0-13.5 3.80-3.90 7.0- 8.5 3.90-4.00 8.5-11.5 3.55-3.65 8.5-10.0 3.77-3.83 20.0-21.5 4.28-4.33
30.0-32.5 4.20-4.30 35.0-40.0 4.40-4.50 25.0-27.5 4.15-4.35 35.0-40.0 4.35-4.45 25.0-30.0 4.20-4.30
85.0-85.0 4.50-4.60 55.0-67.5 4.40-4.60 65.0-72.5 4.40-4.50 90.0-95.0 4.68-4.75 92.5-100.0 4.60-4.70
77.5-95.0 4.15-4.35 75.0-92.5 4.10-4.30 80.0-87.5 4.20-4.40 60.0-72.5 4.50-4.60 70.0-80.0 4.40-4.60
25.0-40.0 4.60-4.75 25.0-45.0 4.22-4.58 55.0-65.0 4.22-4.58 55.0-60.0 4.60-4.75 30.0-42.5 4.57-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
B11(24.0;92.0) B12(24.0;94.0) B13(24.0;96.0) B14(24.0;98.0) B15(24.0;100.0) 
h Vs h Vs h Vs h Vs h Vs 
 187
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.80 8 2.84 8 2.88 8 3.08 8 3.08 
8 2.93 8 2.89 8 3.01 8 3.20 8 3.20 
8 3.36 8 3.43 8 3.45 8 3.40 8 3.32 
8 3.47 8 3.60 8 3.70 8 3.54 8 3.44 
8.0- 9.5 3.65-3.73 9.5-11.0 3.65-3.73 10.0-11.5 3.75-3.95 11.0-12.5 3.77-3.92 13.5-15.0 3.85-4.05
30.0-35.0 4.30-4.40 40.0-45.0 4.25-4.35 30.0-35.0 4.18-4.32 30.0-35.0 4.40-4.45 32.5-37.5 4.30-4.40
75.0-90.0 4.45-4.65 60.0-75.0 4.60-4.70 80.0-95.0 4.53-4.65 75.0-90.0 4.47-4.53 65.0-75.0 4.53-4.67
80.0-95.0 4.43-4.57 65.0-80.0 4.05-4.35 75.0-90.0 4.35-4.65 75.0-90.0 4.35-4.45 65.0-80.0 4.40-4.60
50.0-65.0 4.60-4.75 30.0-45.0 4.30-4.60 35.0-50.0 4.57-4.75 47.5-65.0 4.62-4.75 40.0-55.0 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
B16(24.0;102.0) B17(24.0;104.0) B18(24.0;106.0) C04(26.0;78.0) C05(26.0;80.0) 
h Vs h Vs h Vs h Vs H Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.97 8 2.68 8 2.85 8 3.07 8 3.12 
8 3.03 8 2.86 8 2.97 8 3.25 8 3.38 
8 3.44 8 3.30 8 3.40 8 3.51 8 3.66 
8 3.55 8 3.50 8 3.51 6 3.67 10 3.70 
12.0-13.5 3.70-3.80 9.0-10.5 3.52-3.58 8.5-11.5 3.67-3.73 11.5-13.0 3.77-3.83 20.0-21.5 4.20-4.30
30.0-35.0 4.15-4.35 30.0-35.0 4.03-4.08 32.5-37.5 4.15-4.25 35.0-40.0 4.35-4.45 25.0-30.0 4.35-4.45
50.0-70.0 4.40-4.60 60.0-75.0 4.30-4.40 70.0-80.0 4.50-4.60 85.0-95.0 4.68-4.75 92.5-100.0 4.70-4.75
80.0-90.0 4.10-4.30 65.0-80.0 4.18-4.32 70.0-87.5 4.38-4.52 75.0-85.0 4.45-4.55 60.0-72.5 4.45-4.55
40.0-55.0 4.22-4.58 70.0-90.0 4.30-4.50 40.0-55.0 4.22-4.58 55.0-70.0 4.47-4.75 50.0-62.5 4.57-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
C06(26.0;82.0) C07(26.0;84.0) C08(26.0;86.0) C09(26.0;88.0) C10(26.0;90.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.04 8 3.19 8 3.01 8 2.87 8 2.92 
8 3.47 8 3.46 8 3.47 8 3.23 8 3.01 
8 3.67 8 3.65 8 3.72 8 3.42 8 3.31 
13 3.64 12 3.58 8 3.70 8 3.52 8 3.47 
20.0-21.5 4.30-4.40 21.5-23.0 4.28-4.33 21.5-23.0 4.17-4.22 21.5-23.0 4.17-4.22 6.0- 7.5 3.70-3.80
20.0-25.0 4.30-4.40 25.0-30.0 4.40-4.50 20.0-25.0 4.20-4.30 25.0-30.0 4.40-4.50 25.0-30.0 4.05-4.25
92.5-100.0 4.60-4.70 85.0-92.5 4.60-4.70 92.5-100.0 4.60-4.70 85.0-92.5 4.60-4.70 82.5-90.0 4.45-4.65
70.0-80.0 4.35-4.45 80.0-90.0 4.40-4.60 85.0-95.0 4.40-4.60 75.0-85.0 4.35-4.45 75.0-85.0 4.07-4.32
30.0-42.5 4.53-4.67 30.0-42.5 4.57-4.75 42.5-55.0 4.57-4.75 42.5-55.0 4.57-4.75 42.5-55.0 4.57-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
C11(26.0;92.0) C12(26.0;94.0) C13(26.0;96.0) C14(26.0;98.0) C15(26.0;100.0) 
h Vs h Vs H Vs h Vs H Vs 
 188
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.88 8 2.90 8 2.96 8 3.18 8 2.65 
8 3.18 8 3.05 8 2.93 8 3.19 8 2.83 
8 3.30 8 3.36 8 3.37 8 3.37 8 3.17 
8 3.31 8 3.46 8 3.56 8 3.50 8 3.46 
8.0- 9.5 3.65-3.73 9.0-10.5 3.62-3.68 12.0-14.5 3.58-3.73 13.5-15.0 3.83-3.98 13.5-15.0 3.62-3.68
25.0-30.0 4.25-4.45 30.0-35.0 4.15-4.25 30.0-35.0 4.03-4.17 27.5-30.0 4.00-4.20 25.0-27.5 4.28-4.33
77.5-85.0 4.50-4.60 75.0-90.0 4.55-4.65 72.5-85.0 4.55-4.75 80.0-92.5 4.60-4.80 80.0-80.0 4.62-4.68
75.0-85.0 4.23-4.38 80.0-95.0 4.38-4.45 65.0-77.5 4.28-4.53 60.0-75.0 4.38-4.62 75.0-90.0 4.35-4.45
52.5-65.0 4.55-4.75 35.0-52.5 4.68-4.75 35.0-52.5 4.15-4.55 60.0-70.0 4.22-4.58 40.0-50.0 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
C16(26.0;102.0) C17(26.0;104.0) C18(26.0;106.0) D04(28.0;78.0) D05(28.0;80.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.11 8 2.92 8 2.99 8 3.13 8 3.23 
8 2.80 8 2.97 8 3.17 8 3.36 8 3.46 
8 2.91 8 3.41 8 3.41 8 3.67 8 3.66 
8 3.18 8 3.58 8 3.68 8 3.73 8 3.76 
11.5-13.0 3.40-3.50 8.5-11.5 3.77-3.83 13.0-14.5 3.90-4.00 7.0- 8.5 3.77-3.83 8.5-10.0 3.82-3.88
25.0-27.5 3.50-3.60 37.5-40.0 4.15-4.25 35.0-37.5 4.30-4.40 35.0-40.0 4.35-4.45 40.0-45.0 4.35-4.45
62.5-75.0 4.55-4.75 70.0-80.0 4.55-4.65 60.0-72.5 4.42-4.47 85.0-95.0 4.68-4.75 75.0-85.0 4.68-4.75
97.5-110.0 4.50-4.70 70.0-87.5 4.38-4.52 75.0-87.5 4.23-4.38 75.0-85.0 4.38-4.62 77.5-85.0 4.38-4.62
40.0-55.0 4.38-4.62 42.5-55.0 4.22-4.58 35.0-47.5 4.38-4.62 55.0-70.0 4.47-4.75 55.0-70.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
D06(28.0;82.0) D07(28.0;84.0) D08(28.0;86.0) D09(28.0;88.0) D10(28.0;90.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.91 8 2.98 8 3.06 8 2.95 8 2.79 
8 3.33 8 3.23 8 3.20 8 3.24 8 3.11 
8 3.61 8 3.31 8 3.25 8 3.47 8 3.30 
8 3.56 8 3.36 8 3.55 8 3.49 8 3.54 
7.0- 8.5 3.65-3.75 7.0- 8.5 3.75-3.85 10.0-11.5 3.80-3.90 10.0-11.5 3.65-3.75 11.5-13.0 3.77-3.83
35.0-40.0 4.30-4.40 35.0-40.0 4.42-4.45 32.5-35.0 4.50-4.60 40.0-45.0 4.35-4.45 30.0-35.0 4.25-4.35
80.0-87.5 4.55-4.65 75.0-82.5 4.55-4.65 75.0-82.5 4.55-4.65 65.0-77.5 4.55-4.75 75.0-82.5 4.55-4.65
85.0-95.0 4.45-4.55 85.0-95.0 4.43-4.57 85.0-95.0 4.43-4.57 65.0-80.0 4.25-4.45 75.0-85.0 4.42-4.47
55.0-70.0 4.65-4.75 40.0-55.0 4.65-4.75 55.0-70.0 4.65-4.75 45.0-60.0 4.30-4.60 30.0-45.0 4.38-4.62
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
D11(28.0;92.0) D12(28.0;94.0) D13(28.0;96.0) D14(28.0;98.0) D15(28.0;100.0) 
h Vs h Vs h Vs h Vs h Vs 
 189
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.90 8 2.96 8 2.81 8 3.29 8 3.12 
8 3.10 8 3.06 8 2.97 8 3.07 8 3.07 
8 3.41 8 3.37 8 3.39 8 2.99 8 3.04 
8 3.50 8 3.45 8 3.44 8 3.31 8 3.04 
15.0-16.5 3.75-3.85 12.0-13.5 3.55-3.65 10.5-12.0 3.50-3.55 14.0-16.0 3.42-3.48 16.5-18.0 3.52-3.58
35.0-40.0 4.42-4.45 35.0-40.0 4.20-4.40 35.0-40.0 4.32-4.38 25.0-30.0 3.57-3.62 25.0-30.0 3.62-3.68
65.0-72.5 4.60-4.70 72.5-85.0 4.60-4.70 75.0-90.0 4.72-4.75 65.0-75.0 4.72-4.78 55.0-65.0 4.62-4.68
85.0-95.0 4.35-4.45 77.5-90.0 4.38-4.52 70.0-85.0 4.38-4.52 92.5-105.0 4.55-4.60 92.5-105.0 4.55-4.60
30.0-45.0 4.38-4.62 52.5-70.0 4.60-4.75 52.5-70.0 4.65-4.75 40.0-55.0 4.45-4.65 40.0-55.0 4.45-4.65
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
D16(28.0;102.0) D17(28.0;104.0) D18(28.0;106.0) E01(30.0;72.0) E02(30.0;74.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.11 8 3.04 8 3.07 8 2.94 8 2.97 
8 3.18 8 3.11 8 3.05 8 3.12 8 3.15 
8 3.32 8 3.33 8 3.39 8 3.39 8 3.44 
8 3.44 8 3.48 8 3.46 8 3.51 8 3.55 
16.5-18.0 3.77-3.83 13.5-16.5 3.72-3.78 12.0-13.5 3.77-3.83 10.0-11.5 3.77-3.83 7.0- 8.5 3.67-3.73
22.5-27.5 4.15-4.25 30.0-32.5 4.15-4.25 30.0-32.5 4.15-4.25 35.0-40.0 4.35-4.45 30.0-35.0 4.33-4.40
70.0-80.0 4.55-4.65 72.5-90.0 4.65-4.75 67.5-85.0 4.65-4.75 87.5-95.0 4.58-4.72 85.0-95.0 4.45-4.55
70.0-87.5 4.40-4.60 87.5-105.0 4.40-4.60 87.5-105.0 4.20-4.40 72.5-85.0 4.35-4.45 60.0-72.5 4.38-4.52
40.0-55.0 4.45-4.65 40.0-55.0 4.57-4.75 40.0-55.0 4.57-4.75 45.0-60.0 4.65-4.75 45.0-60.0 4.65-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
E03(30.0;76.0) E04(30.0;78.0) E05(30.0;80.0) E06(30.0;82.0) E07(30.0;84.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.99 8 3.17 8 2.91 8 3.03 8 2.94 
8 3.21 8 3.39 8 3.28 8 3.33 8 3.15 
8 3.49 8 3.56 8 3.38 8 3.48 8 3.31 
8 3.59 8 3.61 8 3.35 8 3.38 8 3.43 
10.0-11.5 3.77-3.83 13.5-15.0 3.95-4.05 13.5-15.0 3.70-3.80 15.0-16.5 3.85-3.95 20.0-22.5 3.88-3.93
30.0-35.0 4.33-4.40 35.0-40.0 4.32-4.38 35.0-40.0 4.25-4.35 35.0-40.0 4.35-4.45 30.0-35.0 4.35-4.45
87.5-95.0 4.55-4.65 70.0-80.0 4.60-4.70 65.0-75.0 4.60-4.70 65.0-75.0 4.55-4.65 65.0-75.0 4.55-4.65
85.0-97.5 4.40-4.60 80.0-90.0 4.53-4.58 80.0-90.0 4.35-4.45 85.0-95.0 4.45-4.55 87.5-100.0 4.40-4.50
35.0-50.0 4.45-4.75 35.0-50.0 4.65-4.75 35.0-50.0 4.65-4.75 40.0-55.0 4.60-4.75 45.0-60.0 4.55-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
E08(30.0;86.0) E09(30.0;88.0) E10(30.0;90.0) E11(30.0;92.0) E12(30.0;94.0) 
h Vs h Vs h Vs h Vs h Vs 
 190
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.21 8 3.22 8 2.96 8 2.75 8 3.13 
8 3.35 8 3.21 8 3.10 8 2.96 8 3.09 
8 3.39 8 3.35 8 3.44 8 3.32 8 3.01 
8 3.35 8 3.42 8 3.54 8 3.42 8 3.24 
25.0-26.5 3.72-3.88 25.0-26.5 3.75-3.85 27.0-29.5 3.72-3.88 15.0-16.5 3.47-3.53 16.5-18.0 3.47-3.53
30.0-35.0 4.45-4.50 30.0-35.0 4.35-4.45 30.0-35.0 4.35-4.45 25.0-27.5 3.72-3.78 27.5-30.0 3.72-3.78
67.5-75.0 4.55-4.65 67.5-75.0 4.65-4.75 60.0-67.5 4.55-4.65 65.0-75.0 4.67-4.72 60.0-70.0 4.55-4.65
70.0-80.0 4.20-4.40 70.0-80.0 4.38-4.52 75.0-85.0 4.38-4.52 80.0-92.5 4.45-4.55 80.0-95.0 4.35-4.45
40.0-55.0 4.30-4.60 55.0-70.0 4.30-4.60 45.0-62.5 4.38-4.62 55.0-70.0 4.38-4.62 60.0-75.0 4.43-4.57
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
E13(30.0;96.0) E14(30.0;98.0) E15(30.0;100.0) E16(30.0;102.0) E17(30.0;104.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.17 8 3.32 8 3.14 8 3.09 8 3.13 
8 3.11 8 3.16 8 3.27 8 3.20 8 3.11 
8 3.05 8 3.14 8 3.30 8 3.29 8 3.28 
8 3.24 8 3.15 8 3.37 8 3.42 8 3.37 
15.5-18.0 3.40-3.50 16.0-18.0 3.50-3.60 26.5-28.0 3.75-3.85 25.0-27.5 3.65-3.73 15.0-16.5 3.75-3.85
25.0-30.0 3.52-3.67 25.0-30.0 3.52-3.67 30.0-32.5 4.03-4.17 20.0-25.0 4.15-4.35 26.5-28.0 4.00-4.10
55.0-65.0 4.73-4.80 65.0-75.0 4.65-4.75 45.0-57.5 4.60-4.65 70.0-80.0 4.45-4.65 82.5-95.0 4.53-4.67
95.0-105.0 4.55-4.60 80.0-92.5 4.40-4.50 60.0-72.5 4.33-4.47 80.0-95.0 4.38-4.62 80.0-92.5 4.35-4.55
45.0-60.0 4.45-4.65 55.0-70.0 4.45-4.65 60.0-90.0 4.43-4.68 30.0-45.0 4.22-4.58 35.0-50.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
E18(30.0;106.0) E19(30.0;108.0) F01(32.0;72.0) F02(32.0;74.0) F03(32.0;76.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.15 8 3.22 8 2.93 8 2.96 8 3.07 
8 3.16 8 3.16 8 2.97 8 3.09 8 3.31 
8 3.38 8 3.28 8 3.30 8 3.38 8 3.49 
8 3.53 8 3.37 8 3.41 8 3.46 8 3.55 
12.0-13.5 3.77-3.83 12.0-13.5 3.72-3.78 11.5-13.0 3.60-3.65 13.5-15.0 3.60-3.70 16.5-18.0 3.80-4.00
30.0-32.5 4.07-4.12 30.0-32.5 4.15-4.25 30.0-35.0 4.10-4.20 30.0-35.0 4.15-4.25 35.0-40.0 4.10-4.17
77.5-90.0 4.62-4.70 90.0-90.0 4.55-4.65 85.0-95.0 4.60-4.70 80.0-90.0 4.70-4.75 70.0-77.5 4.55-4.75
80.0-92.5 4.25-4.45 87.5-105.0 4.45-4.65 60.0-72.5 4.45-4.55 65.0-77.5 4.40-4.50 70.0-80.0 4.33-4.47
50.0-65.0 4.62-4.75 40.0-55.0 4.57-4.75 30.0-45.0 4.45-4.65 30.0-45.0 4.30-4.60 30.0-40.0 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
F04(32.0;78.0) F05(32.0;80.0) F06(32.0;82.0) F07(32.0;84.0) F08(32.0;86.0) 
h Vs h Vs h Vs h Vs h Vs 
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(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.12 8 3.08 8 3.13 8 3.11 8 3.00 
8 3.35 8 3.19 8 3.41 8 3.20 8 3.05 
8 3.34 8 3.21 8 3.34 8 3.12 8 3.07 
8 3.44 8 3.25 8 3.14 8 3.13 8 3.22 
19.5-21.0 3.65-3.75 15.0-16.5 3.60-3.70 16.5-18.0 3.40-3.50 15.0-16.5 3.60-3.70 16.5-18.0 3.40-3.50
27.5-30.0 4.10-4.20 26.5-28.0 3.80-3.90 28.0-28.0 3.60-3.70 27.5-30.0 3.60-3.70 26.5-28.0 3.60-3.70
65.0-72.5 4.65-4.75 70.0-80.0 4.55-4.65 65.0-75.0 4.62-4.77 50.0-70.0 4.62-4.68 57.5-65.0 4.62-4.70
80.0-90.0 4.55-4.65 80.0-92.5 4.32-4.57 80.0-95.0 4.45-4.65 80.0-95.0 4.53-4.58 80.0-92.5 4.43-4.57
40.0-55.0 4.45-4.65 40.0-57.5 4.38-4.62 55.0-70.0 4.30-4.50 60.0-75.0 4.50-4.60 70.0-85.0 4.40-4.50
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
F09(32.0;88.0) F10(32.0;90.0) F11(32.0;92.0) F12(32.0;94.0) F13(32.0;96.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.88 8 2.95 8 3.07 8 3.15 8 3.15 
8 3.07 8 3.17 8 3.12 8 3.26 8 3.21 
8 3.24 8 3.15 8 3.02 8 3.11 8 3.08 
8 3.32 8 3.20 8 3.22 8 3.19 8 3.20 
15.0-16.5 3.40-3.50 16.5-18.0 3.40-3.50 15.5-18.0 3.40-3.50 16.5-18.0 3.50-3.70 15.5-18.0 3.50-3.60
26.5-28.0 3.60-3.70 27.5-30.0 3.60-3.70 25.0-30.0 3.55-3.65 27.5-30.0 3.58-3.73 25.0-30.0 3.50-3.55
50.0-62.5 4.62-4.77 50.0-60.0 4.58-4.72 60.0-70.0 4.68-4.75 60.0-67.5 4.55-4.75 65.0-75.0 4.70-4.75
80.0-92.5 4.48-4.55 80.0-95.0 4.35-4.55 80.0-92.5 4.60-4.65 85.0-97.5 4.50-4.60 92.5-105.0 4.60-4.65
70.0-85.0 4.40-4.60 70.0-85.0 4.45-4.65 60.0-75.0 4.45-4.65 60.0-75.0 4.25-4.45 50.0-65.0 4.25-4.45
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
F14(32.0;98.0) F15(32.0;100.0) F16(32.0;102.0) F17(32.0;104.0) F18(32.0;106.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.16 8 3.13 8 2.95 8 2.91 8 2.74 
8 3.27 8 3.30 8 3.06 8 2.97 8 2.94 
8 3.16 8 3.33 8 3.31 8 3.22 8 3.29 
8 3.30 8 3.27 8 3.40 8 3.41 8 3.39 
19.5-21.0 3.67-3.73 10.0-11.5 3.70-3.80 23.5-26.5 3.60-3.65 20.0-22.5 3.65-3.73 12.0-13.5 3.77-3.83
22.5-25.0 3.88-3.93 25.0-30.0 3.60-3.80 30.0-32.5 4.33-4.40 25.0-30.0 4.15-4.35 30.0-32.5 4.07-4.12
57.5-72.5 4.57-4.62 70.0-80.0 4.55-4.75 57.5-70.0 4.58-4.65 70.0-80.0 4.53-4.67 77.5-90.0 4.62-4.70
70.0-87.5 4.50-4.60 85.0-100.0 4.38-4.52 72.5-85.0 4.35-4.55 65.0-85.0 4.25-4.45 80.0-92.5 4.25-4.45
57.5-75.0 4.53-4.67 40.0-55.0 4.30-4.60 45.0-60.0 4.22-4.58 35.0-50.0 4.22-4.58 50.0-65.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
F19(32.0;108.0) G01(34.0;72.0) G02(34.0;74.0) G03(34.0;76.0) G04(34.0;78.0) 
h Vs H Vs H Vs h Vs h Vs 
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(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.94 8 3.05 8 2.97 8 2.95 8 3.20 
8 3.14 8 2.95 8 3.15 8 3.15 8 3.29 
8 3.39 8 3.36 8 3.56 8 3.42 8 3.32 
8 3.59 8 3.51 8 3.63 8 3.53 8 3.22 
14.5-16.0 3.60-3.80 16.5-18.0 3.60-3.65 17.0-18.5 3.80-3.90 17.0-18.5 3.70-3.80 15.0-16.5 3.42-3.48
32.5-35.0 4.35-4.45 35.0-40.0 4.20-4.40 35.0-40.0 4.15-4.25 35.0-40.0 4.30-4.40 27.5-30.0 3.88-3.93
70.0-85.0 4.58-4.72 80.0-87.5 4.55-4.75 65.0-75.0 4.53-4.58 65.0-75.0 4.47-4.53 60.0-70.0 4.65-4.75
55.0-70.0 4.38-4.62 85.0-95.0 4.45-4.65 85.0-95.0 4.28-4.42 75.0-85.0 4.20-4.30 95.0-110.0 4.48-4.55
50.0-65.0 4.22-4.58 55.0-70.0 4.62-4.75 40.0-55.0 4.62-4.75 40.0-55.0 4.30-4.60 70.0-85.0 4.22-4.47
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
G05(34.0;80.0) G06(34.0;82.0) G07(34.0;84.0) G08(34.0;86.0) G09(34.0;88.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.86 8 3.06 8 2.95 8 2.98 8 2.76 
8 3.13 8 3.13 8 3.24 8 3.04 8 3.06 
8 3.23 8 3.04 8 3.20 8 3.34 8 3.15 
8 3.19 8 3.15 8 3.08 8 3.39 8 3.30 
16.5-18.0 3.47-3.53 16.5-18.0 3.40-3.43 16.5-18.0 3.40-3.50 16.5-18.0 3.40-3.50 16.5-18.0 3.40-3.50
27.5-30.0 3.88-3.93 27.5-30.0 3.62-3.68 27.5-30.0 3.50-3.60 26.5-28.0 3.60-3.70 25.0-26.5 3.60-3.70
70.0-80.0 4.70-4.80 60.0-70.0 4.55-4.65 50.0-60.0 4.62-4.77 50.0-62.5 4.62-4.77 50.0-62.5 4.48-4.62
85.0-100.0 4.43-4.57 95.0-110. 4.28-4.42 95.0-110. 4.35-4.55 102.5-115 4.50-4.60 87.5-112.5 4.38-4.52
70.0-85.0 4.48-4.62 55.0-70.0 4.38-4.52 70.0-85.0 4.45-4.65 60.0-75.0 4.35-4.65 60.0-75.0 4.43-4.57
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
G10(34.0;90.0) G11(34.0;92.0) G12(34.0;94.0) G13(34.0;96.0) G14(34.0;98.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.96 8 3.01 8 3.18 8 3.18 8 3.06 
8 3.07 8 3.06 8 3.22 8 3.21 8 3.24 
8 3.17 8 3.26 8 3.18 8 3.14 8 3.14 
8 3.18 8 3.33 8 3.22 8 3.20 8 3.20 
15.0-16.5 3.52-3.58 16.5-18.0 3.60-3.70 15.5-18.0 3.60-3.70 15.5-18.0 3.75-3.95 15.0-16.5 3.57-3.62
27.5-30.0 3.70-3.80 22.5-25.0 3.70-3.80 25.0-30.0 3.57-3.62 22.5-25.0 3.55-3.65 22.5-25.0 3.72-3.78
62.5-75.0 4.60-4.70 65.0-75.0 4.57-4.62 65.0-75.0 4.72-4.78 70.0-80.0 4.58-4.72 80.0-90.0 4.70-4.80
90.0-105.0 4.45-4.55 70.0-87.5 4.40-4.50 80.0-92.5 4.57-4.60 80.0-92.5 4.50-4.60 70.0-87.5 4.57-4.60
55.0-70.0 4.48-4.62 75.0-75.0 4.38-4.52 65.0-80.0 4.25-4.45 55.0-70.0 4.45-4.65 40.0-57.5 4.53-4.58
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
G15(34.0;100.0) G16(34.0;102.0) G17(34.0;104.0) G18(34.0;106.0) G19(34.0;108.0) 
h Vs h Vs h Vs h Vs h Vs 
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(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.04 8 3.07 8 3.37 8 3.14 8 3.26 
8 3.17 8 3.18 8 3.45 8 3.24 8 3.41 
8 3.27 8 3.32 8 3.46 8 3.29 8 3.50 
8 3.30 8 3.37 8 3.36 8 3.32 8 3.58 
13.5-15.0 3.60-3.70 25.0-27.5 3.50-3.70 16.5-18.0 3.50-3.70 11.5-13.0 3.50-3.60 13.5-15.0 3.60-3.80
22.5-25.0 3.55-3.75 35.0-40.0 4.10-4.30 45.0-50.0 4.10-4.30 45.0-50.0 4.20-4.40 40.0-45.0 4.20-4.40
80.0-90.0 4.55-4.75 55.0-65.0 4.55-4.75 65.0-75.0 4.65-4.85 70.0-80.0 4.60-4.70 70.0-80.0 4.73-4.80
87.5-105.0 4.43-4.57 67.5-75.0 4.50-4.70 65.0-72.5 4.48-4.62 72.5-80.0 4.43-4.57 65.0-72.5 4.40-4.50
40.0-57.5 4.60-4.75 45.0-57.5 4.38-4.62 45.0-57.5 4.38-4.62 35.0-47.5 4.30-4.60 35.0-47.5 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
H01(36.0;72.0) H02(36.0;74.0) H03(36.0;76.0) H04(36.0;78.0) H05(36.0;80.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.04 8 3.11 8 3.01 8 2.86 8 2.89 
8 3.03 8 3.03 8 3.14 8 3.01 8 3.15 
8 3.30 8 3.16 8 2.99 8 3.14 8 3.22 
8 3.50 8 3.34 8 3.10 8 3.30 8 3.32 
13.5-15.0 3.45-3.6
5 
15.0-15.
0 
3.45-3.5
3 
13.5-15.0 3.40-3.4
3 
13.5-15.0 3.60-3.6
5 
16.5-18.
0 
3.55-3.6
5 
22.5-25.0 3.85-4.0
5 
22.5-25.
0 
3.60-3.8
0 
22.5-25.0 3.57-3.6
2 
27.5-30.0 3.70-3.8
0 
27.5-30.
0 
3.75-3.8
5 
90.0-100.
0 
4.62-4.6
8 
70.0-90.
0 
4.60-4.8
0 
90.0-100.
0 
4.45-4.5
5 
80.0-90.0 4.50-4.6
0 
60.0-70.
0 
4.58-4.7
2 
87.5-100.
0 
4.53-4.5
8 
80.0-92.
5 
4.45-4.6
5 
92.5-105.
5 
4.28-4.4
2 
95.0-110.
0 
4.38-4.5
2 
80.0-95.
0 
4.50-4.6
0 
45.0-57.5 4.62-4.7
5 
45.0-57.
5 
4.38-4.6
2 
57.5-70.0 4.40-4.6
0 
65.0-65.0 4.45-4.6
5 
55.0-70.
0 
4.60-4.7
0 
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
H06(36.0;82.0) H07(36.0;84.0) H08(36.0;86.0) H09(36.0;88.0) H10(36.0;90.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.02 8 3.06 8 2.88 8 2.94 8 2.87 
8 3.06 8 2.95 8 3.16 8 3.04 8 3.04 
8 3.13 8 3.00 8 3.25 8 3.14 8 3.25 
8 3.37 8 3.36 8 3.29 8 3.21 8 3.41 
16.5-18.0 3.52-3.58 16.5-18.0 3.50-3.60 16.5-18.0 3.40-3.50 16.5-18.0 3.57-3.62 28.0-29.5 3.72-3.88
25.0-27.5 3.70-3.80 27.5-30.0 3.70-3.80 25.0-27.5 3.80-3.90 25.0-26.5 3.70-3.80 32.5-35.0 4.35-4.45
60.0-70.0 4.68-4.82 60.0-70.0 4.53-4.67 60.0-70.0 4.58-4.72 62.5-75.0 4.58-4.72 57.5-65.0 4.68-4.82
85.0-100.0 4.45-4.55 80.0-95.0 4.35-4.55 80.0-95.0 4.35-4.55 65.0-77.5 4.35-4.55 85.0-95.0 4.53-4.60
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55.0-70.0 4.40-4.60 70.0-85.0 4.45-4.65 70.0-85.0 4.45-4.65 55.0-70.0 4.43-4.68 45.0-62.5 4.38-4.62
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
H11(36.0;92.0) H12(36.0;94.0) H13(36.0;96.0) H14(36.0;98.0) H15(36.0;100.0) 
H Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.99 8 3.13 8 3.14 8 3.16 8 3.00 
8 3.11 8 3.08 8 3.15 8 3.11 8 3.18 
8 3.28 8 3.28 8 3.30 8 3.37 8 3.25 
8 3.38 8 3.33 8 3.29 8 3.40 8 3.20 
28.0-29.5 3.72-3.88 27.0-29.5 3.65-3.73 26.5-28.0 3.62-3.78 23.0-24.5 3.55-3.65 20.0-21.5 3.55-3.65
35.0-40.0 4.35-4.45 35.0-40.0 4.15-4.25 30.0-35.0 4.25-4.35 32.5-35.0 4.20-4.40 32.5-35.0 4.20-4.40
57.5-65.0 4.68-4.82 60.0-67.5 4.65-4.85 75.0-82.5 4.80-4.85 70.0-77.5 4.58-4.72 70.0-77.5 4.62-4.77
75.0-85.0 4.38-4.52 75.0-85.0 4.50-4.60 80.0-90.0 4.67-4.72 75.0-85.0 4.35-4.55 75.0-85.0 4.35-4.55
47.5-70.0 4.62-4.75 52.5-70.0 4.30-4.60 30.0-45.0 4.60-4.70 42.5-60.0 4.38-4.62 42.5-60.0 4.15-4.55
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
H16(36.0;102.0) H17(36.0;104.0) I01(38.0;72.0) I02(38.0;74.0) I03(38.0;76.0) 
H Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.15 8 3.02 8 3.02 8 3.11 8 2.97 
8 3.28 8 3.20 8 3.09 8 3.26 8 2.99 
8 3.24 8 3.27 8 3.26 8 3.25 8 3.19 
8 3.20 8 3.23 8 3.39 8 3.25 8 3.32 
21.5-23.0 3.55-3.65 18.5-20.0 3.65-3.85 13.5-15.0 3.55-3.65 13.5-15.0 3.60-3.70 23.0-24.5 3.50-3.60
32.5-35.0 4.00-4.20 35.0-40.0 4.00-4.20 22.5-25.0 3.80-3.90 22.5-25.0 3.70-3.80 35.0-40.0 4.10-4.30
70.0-77.5 4.62-4.77 77.5-85.0 4.78-4.92 75.0-90.0 4.60-4.70 90.0-100.0 4.67-4.72 75.0-85.0 4.53-4.67
75.0-85.0 4.48-4.62 85.0-95.0 4.60-4.70 60.0-75.0 4.50-4.60 87.5-100.0 4.57-4.62 62.5-80.0 4.50-4.70
52.5-70.0 4.30-4.60 30.0-47.5 4.45-4.65 55.0-70.0 4.45-4.65 45.0-57.5 4.65-4.75 25.0-42.5 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
I04(38.0;78.0) I05(38.0;80.0) I06(38.0;82.0) I07(38.0;84.0) I08(38.0;86.0) 
H Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.17 8 2.94 8 2.92 8 2.92 8 3.02 
8 3.16 8 2.99 8 2.95 8 3.08 8 3.05 
8 3.24 8 3.28 8 3.20 8 3.38 8 3.23 
8 3.31 8 3.43 8 3.35 8 3.45 8 3.33 
21.5-23.0 3.52-3.67 18.5-20.0 3.55-3.65 19.5-21.0 3.50-3.60 15.0-17.5 3.60-3.70 20.0-21.5 3.55-3.65
30.0-35.0 4.00-4.20 35.0-40.0 4.18-4.32 40.0-45.0 4.25-4.35 35.0-40.0 4.33-4.47 30.0-35.0 4.08-4.22
70.0-80.0 4.68-4.75 75.0-85.0 4.68-4.75 70.0-80.0 4.65-4.75 80.0-90.0 4.48-4.62 70.0-80.0 4.65-4.75
50.0-67.5 4.50-4.70 55.0-72.5 4.40-4.60 67.5-85.0 4.32-4.57 65.0-82.5 4.28-4.53 60.0-60.0 4.53-4.67
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55.0-67.5 4.38-4.62 35.0-52.5 4.38-4.62 35.0-52.5 4.62-4.75 30.0-42.5 4.30-4.60 45.0-60.0 4.45-4.65
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
I09(38.0;88.0) I10(38.0;90.0) I11(38.0;92.0) I12(38.0;94.0) I13(38.0;96.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.96 8 3.01 8 3.24 8 3.23 8 3.17 
8 3.11 8 3.21 8 3.23 8 3.26 8 3.27 
8 3.41 8 3.26 8 3.25 8 3.27 8 3.29 
8 3.45 8 3.22 8 3.21 8 3.33 8 3.32 
23.0-24.5 3.60-3.70 22.0-24.0 3.70-3.80 22.0-24.0 3.55-3.75 20.0-21.5 3.70-3.80 20.0-21.5 3.75-3.85
30.0-35.0 4.35-4.45 27.5-30.0 4.25-4.45 25.0-27.5 3.85-4.05 27.5-30.0 4.20-4.25 27.5-30.0 4.08-4.22
65.0-75.0 4.67-4.72 67.5-75.0 4.48-4.62 80.0-80.0 4.62-4.77 72.5-85.0 4.62-4.77 77.5-85.0 4.62-4.77
55.0-72.5 4.45-4.55 80.0-92.5 4.45-4.55 80.0-90.0 4.33-4.47 90.0-100.0 4.48-4.55 80.0-90.0 4.15-4.35
42.5-60.0 4.38-4.52 40.0-55.0 4.22-4.58 40.0-52.5 4.30-4.60 50.0-65.0 4.65-4.75 50.0-65.0 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
I14(38.0;98.0) I15(38.0;100.0) I16(38.0;102.0) I17(38.0;104.0) J02(40.0;74.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.18 8 3.40 8 3.31 8 3.14 8 3.22 
8 3.27 8 3.43 8 3.40 8 3.08 8 3.31 
8 3.26 8 3.34 8 3.38 8 3.37 8 3.31 
8 3.30 8 3.39 8 3.41 8 3.58 8 3.39 
20.0-21.5 3.70-3.80 22.0-23.5 3.70-3.80 20.0-21.5 3.75-3.95 18.0-19.5 3.70-3.80 24.5-26.0 3.75-3.85
27.5-30.0 4.20-4.25 20.0-25.0 4.12-4.27 30.0-35.0 4.10-4.30 30.0-35.0 4.30-4.50 35.0-40.0 4.45-4.55
70.0-80.0 4.62-4.77 70.0-80.0 4.53-4.67 65.0-75.0 4.55-4.75 77.5-90.0 4.62-4.70 75.0-85.0 4.78-4.83
90.0-100.0 4.40-4.60 75.0-85.0 4.43-4.57 75.0-85.0 4.43-4.57 75.0-85.0 4.40-4.50 62.5-80.0 4.53-4.67
50.0-65.0 4.60-4.75 50.0-67.5 4.60-4.75 55.0-67.5 4.62-4.75 50.0-62.5 4.60-4.75 42.5-60.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
J03(40.0;76.0) J04(40.0;78.0) J05(40.0;80.0) J06(40.0;82.0) J07(40.0;84.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.05 8 3.00 8 3.07 8 2.89 8 2.99 
8 3.19 8 3.18 8 3.17 8 3.14 8 3.04 
8 3.30 8 3.26 8 3.30 8 3.38 8 3.41 
8 3.33 8 3.31 8 3.35 8 3.43 8 3.54 
20.0-21.5 3.62-3.78 18.0-19.5 3.65-3.75 19.5-21.0 3.77-3.85 17.0-18.5 3.65-3.75 15.0-16.5 3.65-3.75
30.0-35.0 4.30-4.50 30.0-35.0 4.12-4.27 30.0-35.0 4.05-4.35 35.0-40.0 4.12-4.27 35.0-40.0 4.28-4.42
85.0-95.0 4.78-4.83 85.0-95.0 4.78-4.83 80.0-90.0 4.58-4.72 80.0-90.0 4.58-4.72 80.0-90.0 4.68-4.82
67.5-80.0 4.33-4.47 62.5-80.0 4.55-4.65 77.5-90.0 4.40-4.60 75.0-90.0 4.30-4.60 72.5-80.0 4.32-4.57
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45.0-60.0 4.60-4.75 42.5-60.0 4.62-4.75 30.0-45.0 4.62-4.75 42.5-60.0 4.65-4.75 47.5-60.0 4.65-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
J08(40.0;86.0) J09(40.0;88.0) J10(40.0;90.0) J11(40.0;92.0) J12(40.0;94.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.98 8 3.15 8 3.14 8 3.32 8 3.33 
8 3.11 8 3.26 8 3.16 8 3.45 8 3.48 
8 3.43 8 3.29 8 3.25 8 3.41 8 3.41 
8 3.54 8 3.33 8 3.32 8 3.35 8 3.40 
15.0-16.5 3.55-3.75 16.5-18.0 3.55-3.75 21.5-23.0 3.60-3.70 20.0-21.5 3.60-3.70 20.0-21.5 3.62-3.78
30.0-35.0 4.28-4.53 30.0-35.0 4.03-4.28 30.0-35.0 4.23-4.38 30.0-35.0 4.20-4.40 35.0-40.0 4.25-4.45
65.0-80.0 4.40-4.60 75.0-90.0 4.62-4.77 72.5-85.0 4.72-4.75 75.0-85.0 4.70-4.75 70.0-80.0 4.58-4.72
50.0-65.0 4.55-4.75 50.0-65.0 4.53-4.65 72.5-85.0 4.53-4.67 60.0-75.0 4.50-4.60 72.5-90.0 4.43-4.57
47.5-65.0 4.38-4.62 30.0-47.5 4.38-4.62 35.0-50.0 4.62-4.75 45.0-60.0 4.65-4.75 50.0-65.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
J13(40.0;96.0) J14(40.0;98.0) J15(40.0;100.0) J16(40.0;102.0) K02(42.0;74.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.39 8 3.21 8 3.12 8 3.16 8 3.03 
8 3.48 8 3.30 8 3.15 8 3.26 8 3.19 
8 3.52 8 3.44 8 3.44 8 3.56 8 3.34 
8 3.50 8 3.48 8 3.55 8 3.46 8 3.39 
21.0-22.5 3.50-3.70 18.0-19.5 3.75-3.95 17.5-19.0 3.55-3.75 14.0-15.5 3.75-3.95 21.5-23.0 3.70-3.90
30.0-35.0 4.22-4.47 30.0-35.0 3.97-4.22 30.0-35.0 4.15-4.45 30.0-35.0 4.22-4.47 20.0-22.5 4.15-4.35
70.0-80.0 4.55-4.75 70.0-80.0 4.70-4.75 75.0-85.0 4.60-4.70 80.0-90.0 4.55-4.75 80.0-90.0 4.50-4.60
80.0-90.0 4.25-4.45 50.0-65.0 4.60-4.70 70.0-80.0 4.25-4.55 70.0-80.0 4.25-4.55 60.0-72.5 4.40-4.50
62.5-75.0 4.60-4.75 45.0-57.5 4.45-4.65 50.0-67.5 4.60-4.75 57.5-70.0 4.60-4.75 50.0-67.5 4.65-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
K03(42.0;76.0) K04(42.0;78.0) K05(42.0;80.0) K06(42.0;82.0) K07(42.0;84.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.08 8 3.26 8 3.11 8 3.06 8 3.08 
8 3.20 8 3.30 8 3.26 8 3.20 8 3.32 
8 3.44 8 3.37 8 3.40 8 3.30 8 3.58 
8 3.47 8 3.41 8 3.45 8 3.42 8 3.54 
21.5-23.0 3.70-3.90 21.5-23.0 3.55-3.75 22.0-23.5 3.70-3.90 20.5-22.0 3.72-3.78 17.0-18.5 3.70-3.80
20.0-25.0 4.15-4.35 25.0-27.5 4.43-4.50 25.0-27.5 4.15-4.35 22.5-25.0 4.10-4.20 22.5-25.0 4.10-4.30
80.0-90.0 4.62-4.70 77.5-90.0 4.70-4.75 80.0-90.0 4.70-4.75 72.5-85.0 4.75-4.85 80.0-90.0 4.62-4.77
87.5-95.0 4.50-4.60 60.0-70.0 4.55-4.75 75.0-82.5 4.50-4.60 40.0-60.0 4.62-4.68 70.0-80.0 4.32-4.57
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52.5-65.0 4.57-4.75 47.5-65.0 4.45-4.65 45.0-57.5 4.30-4.60 50.0-70.0 4.60-4.70 60.0-72.5 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
K08(42.0;86.0) K09(42.0;88.0) K10(42.0;90.0) K11(42.0;92.0) K12(42.0;94.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 2.96 8 3.17 8 3.41 8 3.42 8 3.25 
8 3.03 8 3.21 8 3.38 8 3.43 8 3.43 
8 3.37 8 3.23 8 3.28 8 3.49 8 3.56 
8 3.43 8 3.26 8 3.36 8 3.52 8 3.57 
19.0-20.5 3.67-3.73 22.0-23.5 3.50-3.55 22.0-23.5 3.50-3.55 21.5-23.0 3.80-3.90 17.0-18.5 3.65-3.85
20.0-22.5 4.18-4.32 25.0-30.0 4.05-4.15 27.5-30.0 4.15-4.25 27.5-30.0 4.05-4.25 27.5-30.0 3.97-4.22
75.0-90.0 4.70-4.80 70.0-80.0 4.72-4.75 72.5-80.0 4.72-4.75 72.5-80.0 4.68-4.75 80.0-90.0 4.57-4.70
72.5-85.0 4.55-4.75 80.0-95.0 4.60-4.70 60.0-72.5 4.67-4.70 72.5-85.0 4.58-4.65 60.0-72.5 4.28-4.53
50.0-65.0 4.62-4.75 25.0-42.5 4.45-4.65 45.0-62.5 4.45-4.65 62.5-80.0 4.65-4.75 45.0-62.5 4.60-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
K13(42.0;96.0) K14(42.0;98.0) K15(42.0;100.0) K16(42.0;102.0) L07(44.0;84.0) 
h Vs h Vs H Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.07 8 3.14 8 3.29 8 3.36 8 3.18 
8 3.41 8 3.34 8 3.43 8 3.34 8 3.29 
8 3.58 8 3.50 8 3.62 8 3.50 8 3.45 
8 3.50 8 3.43 8 3.43 8 3.47 8 3.47 
17.0-18.5 3.80-3.90 20.5-22.0 3.75-3.95 17.0-18.5 3.55-3.75 17.5-19.0 3.70-3.90 20.0-21.5 3.55-3.75
27.5-30.0 4.05-4.15 30.0-35.0 4.10-4.40 30.0-35.0 4.20-4.50 30.0-35.0 4.05-4.25 20.0-22.5 4.38-4.52
80.0-90.0 4.53-4.58 70.0-77.5 4.55-4.75 70.0-82.5 4.43-4.57 80.0-90.0 4.60-4.70 77.5-90.0 4.55-4.75
72.5-85.0 4.40-4.50 80.0-90.0 4.50-4.60 80.0-90.0 4.48-4.62 75.0-85.0 4.53-4.67 77.5-90.0 4.45-4.65
55.0-67.5 4.68-4.75 45.0-57.5 4.65-4.75 45.0-57.5 4.65-4.75 50.0-60.0 4.65-4.75 40.0-55.0 4.62-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
L08(44.0;86.0) L09(44.0;88.0) L10(44.0;90.0) L11(44.0;92.0) L12(44.0;94.0) 
h Vs h Vs H Vs H Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.25 8 3.18 8 3.09 8 3.26 8 3.37 
8 3.26 8 3.22 8 3.24 8 3.37 8 3.48 
8 3.31 8 3.29 8 3.47 8 3.51 8 3.48 
8 3.37 8 3.33 8 3.51 8 3.50 8 3.49 
19.0-20.5 3.50-3.70 19.0-20.5 3.75-3.95 17.0-18.5 3.83-3.90 21.5-23.0 3.85-3.95 20.0-21.5 3.67-3.83
25.0-30.0 4.28-4.53 25.0-30.0 4.35-4.55 25.0-30.0 4.10-4.30 25.0-30.0 3.97-4.22 30.0-35.0 4.15-4.35
75.0-90.0 4.80-4.85 70.0-85.0 4.75-4.85 65.0-75.0 4.68-4.75 70.0-80.0 4.62-4.75 75.0-85.0 4.57-4.62
75.0-90.0 4.58-4.72 72.5-85.0 4.50-4.60 80.0-90.0 4.50-4.60 70.0-80.0 4.30-4.50 70.0-80.0 4.30-4.40
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67.5-80.0 4.65-4.75 67.5-80.0 4.68-4.75 60.0-70.0 4.62-4.75 45.0-57.5 4.30-4.60 40.0-52.5 4.65-4.75
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
L13(44.0;96.0) L14(44.0;98.0) M09(46.0;88.0) M10(46.0;90.0) M11(46.0;92.0) 
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.41 8 3.26 8 3.26 8 3.34 8 3.34 
8 3.52 8 3.42 8 3.33 8 3.41 8 3.45 
8 3.71 8 3.51 8 3.49 8 3.47 8 3.48 
8 3.60 8 3.60 8 3.49 8 3.49 8 3.57 
21.0-22.5 3.85-3.90 21.0-22.5 3.90-3.95 15.0-16.5 3.50-3.70 17.5-19.0 3.85-3.95 18.5-20.0 3.57-3.62
30.0-35.0 4.20-4.40 30.0-35.0 4.15-4.25 30.0-35.0 4.22-4.47 30.0-35.0 3.97-4.22 30.0-35.0 4.17-4.22
75.0-85.0 4.55-4.65 70.0-77.5 4.53-4.58 90.0-97.5 4.55-4.65 80.0-87.5 4.58-4.72 80.0-87.5 4.47-4.53
80.0-90.0 4.35-4.45 80.0-90.0 4.25-4.35 65.0-75.0 4.50-4.60 60.0-70.0 4.48-4.62 60.0-70.0 4.35-4.45
52.5-65.0 4.60-4.75 52.5-65.0 4.62-4.75 45.0-57.5 4.62-4.75 45.0-57.5 4.30-4.60 45.0-57.5 4.30-4.60
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
M12(46.0;94.0)     
h Vs h Vs h Vs h Vs h Vs 
(km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) (km) (km/s) 
8 3.24         
8 3.36         
8 3.49         
8 3.52         
18.5-20.0 3.65-3.85         
30.0-35.0 4.20-4.50         
80.0-87.5 4.62-4.70         
70.0-80.0 4.40-4.50         
45.0-57.5 4.30-4.60         
--- 4.75 --- 4.75 --- 4.75 --- 4.75 --- 4.75 
 
 
 
 
 
 
 
 
 
 
 
